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Description 



[0004] Erythropoietin is an acid glycoprotein hormone of approximately 34.000 Da. Human erythropoietin is a 166 

vZltrt^ZTT^ na,Ura * ,y " 3 m ° n0mer (U " 61 a '- 1985 ' PNAS «■ W80-752S ^148 60 B2 ^ 
Jl enu 703 £ The SEl T T*™*™ ° f 9enes enc ° di "9 erythropoietin are described, e.g.. in U S 
oTmTmilL^,' , punficat,on of recombinant erythropoietin from cell culture medium that supported the grow* 

[0005] It ,s generally believed in this technical field that the biological activity of EPO^iSu^^^L 

SSTfT. (se ; e , 9 h EP 428 267 81 >• lhi —* ttz^sss: 

lonh «, h r . ' a ' e " dS ° f 016 ^^rafe side chains linked to N- and O-glycosylation sites Hiohlv 

mon TJtT'T^^™ " eCeSSary ,0 ° btai " hi9h,y Sia,ylated EP0 Preparations " 9 * 

conjugates in DE 26 16 086 or DE 26 46 854). 9 " HES - n emoglobin- 

[0011] DE 26 46 854 discloses methods for the conjugation of hemoglobin to HES In these methods hfs i« ronton 

£ SnS5*T h r' ,S i0 ^ Pr ° dUCti0n of dialde Mes 9 which are i^oZ^^SS 
his, DE 26 16 086 discloses the conjugation of hemoglobin to HES according to a procedure wherein r,^7.Z 

r 2 9 ] a9 HEs ( rs 9 a ssss: r d r es an ° subsequemiy hemo9,ob * * = ss£ 

S 8( ? ) ' 2 , 71 " 278, and We,d,er et al - 1991 • Arzneim.-Forschung/Drug Res.. 41. 494-498) 

2S?h A 7 lope ^ ne " >nsists e' 9lucose moieties, wherein in the main chain a-1 .4-glycosid c bonds are present and 

CLIS!^^ 33 bi0ChemiCa ' Pr ° PertieS °' ,he P °' ymer « be ™ dified via •*•»*" 
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[001 5] Consequently, HESis mainly characterized by the molecular weight distribution and the degree of substitution. 
There are two possibilities of describing the substitution degree: 

1. The substitution degree can be described relative to the portion of substituted glucose monomers with respect 
to all glucose moieties (DS). 

2. The substitution degree can be described as the "molar substitution" (MS), wherein the number of hydroxyethyl 
groups per glucose moiety are described. 

[0016] HES solutions are present as polydisperse compositions, wherein each molecule differs from the other with 
respect to the polymerisation degree, the number and pattern of branching sites and the substitution pattern. HES is 
therefore a mixture of compounds with different molecular weight. Consequently, a particular HES solution is deter- 
mined by average molecular weight with the help of statistical means. In this context, M n is calculated as the arithmetic 
mean depending on the number of molecules. Alternatively, M w , the weight mean, represents a unit which depends 
on the mass of the HES. 

[0017] The HES-drug conjugates disclosed in the art suffer from the disadvantage that HES is not conjugated site- 
specifically to the drug. Consequently, the conjugation results in a very heterogenous product having many components 
that may be inactive due to the destruction of the 3-dimensional structure during the conjugation step. 
[0018] In summary, there is still a need for further improved polypeptides with improved stability and/or bioactivity. 
This applies especially to erythropoietin where isoforms with a high degree of sialic acids and therefore high actvity 
have to be purified from isoforms with a low degree of sialic acids (see EP 428 267 B1). Therefore, it would be highly 
advantageous if production methods were available which provide highly active polypeptides without requiring exten- 
sive purification. Unfortunately, the production of polypeptides in bacteria or insect cells is often difficult, because the 
polypeptides are often not produced in a properly folded, native confirmation and lack proper glycosylate. 
[0019] Consequently, it is an object of the present invention to provide polypeptide derivatives, especially erythro- 
poietin derivatives, having a high biological activity in vivo which can be easily produced and at reduced costs. Fur- 
thermore, it is a further object of the present invention to provide a method for the production of polypeptide derivatives 
which is easy to perform and yields in products with high biological activity. It is a further object of the invention to 
provide pharmaceutical compositions comprising polypeptide derivatives with high biological activity. 
[0020] According to one aspect of the present invention, the problem is solved by a hydroxyalkylstarch (HAS)-eryth- 
ropoietin (EPO)-conjugate (HAS-EPO) comprising one or more HAS molecules, wherein each HAS is conjugated to 
the EPO via 

a) a carbohydrate moiety; or 

b) a thioether. 

[0021] The HAS-EPO of the invention has the advantage that it exhibits an improved biological stability when com- 
pared to the erythropoietin before conjugation. This is mainly due to the fact that HAS-EPO is less or even not recog- 
nized by the removal systems of the liver and kidney and therefore persists in the circulatory system for a longer period 
of time. Furthermore, since the HAS is attached site-specifically, the risk of destroying the in vivo biological activity of 
EPO by conjugation of HAS to EPO is minimized. 

[0022] The HAS-EPO of the invention has mainly two components, namely the erythropoietin (EPO)-polypeptide 
and the hydroxyalkylstarch (HAS) linked thereto. 

[0023] The EPO can be of any human (see e.g. Inoue, Wada, Takeuchi, 1994, An improved method forthe purification 
of human erythropoietin with high in vivo activity from the urine of anemic patients, Biol Pharm Bull. 17(2), 180-4; 
Miyake, Kung, Goldwasser, 1977, Purification of human erythropoietin., J Biol Chem., 252(15), 5558-64) or another 
mammalian source and can be obtained by purification from naturally occurring sources like human kidney, embryonic 
human liver or animal, preferably monkey kidney. Furthermore, the expression "erythropoietin" or "EPO" encompasses 
also an EPO variant wherein one or more amino acids (e.g. 1 to 25, preferably 1 to 10, more preferred 1 to 5, most 
preferred 1 or 2) have been exchanged by another amino acid and which exhibits erythropoietic activity (see e.g. EP 
640 619 B1). The measurement of erythropoietic activity is described in the art (for measurement of activity in vitro 
see e.g. Fibi et al.,1991 , Blood, 77, 1203 ff; Kitamura et al, 1989, J. Cell Phys., 140, 323-334; for measurement of EPO 
activity in vivo see Ph. Eur. 2001 , 911-917; Ph. Eur. 2000, 1316 Erythropoietin i solutio concentrata, 780- 785; European 
Pharmacopoeia (1996/2000); European Pharmacopoeia, 1996, Erythropoietin concentrated solution, Pharmaeuropa., 
8, 371-377; Fibi, Hermentin, Pauly, Lauffer, Zettlmeissl.. 1995, N- and O-glycosylation muteins of recombinant human 
erythropoietin secreted from BHK-21 cells, Blood, 85(5), 1229,36; (EPO and modified EPO forms were injected into 
female NMRI mice (equal amounts of protein 50 ng/mouse) at day 1 , 2 and 3 blood samples were taken at day 4 and 
reticulocytes were determined)). Further publications where tests for the measurement of the activity of EPO are de- 
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scribed Barbone, Aparicio, Anderson, Natarajan, Ritchie, 1994, Reticulocytes measurements as a bioassay for eryth- 
ropoietin, J. Pharm. Biomed. Anal.. 12(4), 515-22; Bowen, CuNigan, Beguin, Kendall, Villis, 1994, Estimation of effective 
and total erythropoiesis in myelodysplasia using serum transferrin receptor and erythropoietin concentrations, with 
automated reticulocyte parameters, Leukemi, 8(1), 151-5; Delorme, Lorenzini, Grffin, Martin, Jacobsen, Boone, Elliott, 
1992, Role o glycosylation on the secretion and biological activity of erythropoietin, Biochemistry, 31(41), 9871-6; 
Higuchi. Oh-eda, Kuboniwa, Tomonoh, Shimonaka, Ochi, 1992;Role of sugar chains in the expression of the biological 
activity of human erythropoietin, J. Biol. Chem., 267(11), 7703-9; Yamaguchi, Akai, Kawanishi, Ueda, Masuda, Sasaki, 
1991, ffects of site-directed removal of N-g!ycosylation sites in human erythropoietin on its production and biological 
properties, J. Biol. Chem., 266(30), 20434-9; Takeuchi, Inoue, Strickland, Kubota, Wada, Shimizu, Hoshi, Kozutsumi, 
Takasaki, Kobata, 1989, Relationship between sugar chain structure and biological activity of recombinant human 
erythropoietin produced in Chinese hamster ovary cells, Proc. Natl. Acad. Sci. USA, 85(20), 7819-22; Kurtz, Eckardt, 
1 989, Assay methods for erythropoietin, Nephron., 51 (1 ), 1 1 -4 (German); Zucali, Sulkowski, 1 985, Purification of human 
urinary erythropoietin on controlled-pore glass and silicic acid, Exp. Hematol., 13(3), 833-7; Krystal, 1983, Physical 
and biological characterization of erythroblast enhancing factor (EEF), a late acting erythropoetic stimulator in serum 
distinct from erythropoietin, Exp. Hematol., 11(1), 18-31. 

[0024] Preferably, the EPO is recombinantly produced. This includes the production in eukaryotic or prokaryotic cells, 
preferably mammalian, insect, yeast, bacterial cells or in any other cell type which is convenient for the recombinant 
production of EPO. Furthermore, the EPO may be expressed in transgenic animals (e.g. in body fluids like milk, blood, 
etc.), in eggs of transgenic birds, especially poultry, preferred chicken, or in transgenic plants. 
[0025] The recombinant production of a polypeptide is known in the art. In general, this includes the transfection of 
host cells with an appropriate expression vector, the cultivation of the host cells under conditions which enable the 
production of the polypeptide and the purification of the polypeptide from the host cells. For detained information see 
e.g. Krystal, Pankratz, Farber, Smart, 1986. Purification of human erythropoietin to homogeneity by a rapid five-step 
procedure, Blood, 67(1), 71-9; Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression and purification of 
a recombinant human erythropoietin produced using a baculovirus vector, Blood, 74(2), 652-7- EP 640 619 B1 and EP 
668 351 B1. 

[0026] In a preferred embodiment, the EPO has the amino acid sequence of human EPO (see EP 148 605 B2). 
[0027] The EPO may comprise one or more carbohydrate side chains (preferably 1-4, preferably 4) attached to the 
EPO via N- and/ or O-linked glycosylation, i.e. the EPO is glycosylated. Usually, when EPO is produced in eukaryotic 
cells, the polypeptide is posttranslationally glycosylated. Consequently, the carbohydrate side chains may have been 
attached to the EPO during biosynthesis in mammalian, especially human, insect or yeast cells. The structure and 
properties of glycosylated EPO have been extensively studied in the art (see EP 428 267 B1; EP 640 619 B1; Rush, 
Derby, Smith, Merry, Rogers, Rohde, Katta, 1995, Microheterogeneity of erythropoietin carbohydrate structure, Anal 
Chem., 67(8), 1442-52; Takeuchi, Kobata, 1991, Structures and functional roles of the sugar chains of human eryth- 
ropoietins, Glycobiology, 1(4), 337-46 (Review). 

[0028] The HAS may be directly conjugated to the EPO or, alternatively, via a linker molecule. The nature of the 
linker molecule depends on the way how the HAS is linked to the EPO. Possible functional groups of linkers are 
described in Table 1 and below. Several linkers are commercially available (e.g. from Pierce, available from Perbio 
Science Deutschland GmbH, Bonn, Germany)). Some suitable linkers are described in Table 2. The nature of the linker 
and its purpose are described in detail below in the section concerning the method for the production of HES-EPO. 
[0029] According to a preferred embodiment of the HAS-EPO conjugate of the invention, the HAS is conjugated to 
the EPO via a carbohydrate moiety. 

[0030] In the context of the present invention, the term "carbohydrate moiety" refers to hydroxyaldehydes or hydrox- 
yketones as well as to chemical modifications thereof (see Rompp Chemielexikon, Thieme Veriag Stuttgart, Germany, 
9 th edition 1990. Volume 9, pages 2281-2285 and the literature cited therein). Furthermore, it also refers to derivatives 
of naturally occuring carbohydrate moieties like glucose, galactose, mannose, sialic acid and the like. The term also 
includes chemically oxidized naturally occuring carbohydrate moieties wherein the ring structure has been opened. 
[0031] The carbohydrate moiety may be linked directly to the EPO polypeptide backbone. Preferably, the carbohy- 
drate moiety is part of a carbohydrate side chain. In this case, further carbohydrate moieties may be present between 
the carbohydrate moiety to which HAS is linked and the EPO polypeptide backbone. More preferably, the carbohydrate 
moiety is the terminal moiety of the carbohydrate side chain. 

[0032] In a more preferred embodiment, the HAS is conjugated to a galactose residue of the carbohydrate side 
chains, preferably the terminal galactose residue of the carbohydrate side chain. This galactose residue can be made 
available for conjugation by removal of terminal sialic acids, followed by oxidation (see below). 
[0033] In a further more preferred embodiment, the HAS is conjugated to a sialic acid residue of the carbohydrate 
side chains, preferably the terminal sialic acid residue of the carbohydrate side chain. 

[0034] Furthermore, the HAS may be conjugated to the EPO via a thioether. As explained in detail below, the S atom 
can be derived from any SH group attached to the EPO, both naturally or non naturally occurring. 
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[0035] In a preferred embodiment, the S atom may be derived from a SH group which has been introduced in an 

SSITSfS « r ami "° SeqU6nCe ° f human EPO and *° " a,u ^»y occurring cyS a r e 

STinoThf a ^ h J m °? Preferred embod " nen <- HA S « conjugated to cysteine 29 and cysteine sSeplaced 

Sfpo ^ COn,eXl ° f ' h ? PfeSenl inVen,i0 ' 1, by the ,erm " added c y steines " « j s ™ant that the polypeptides pref- 
L 3 ° yS,eine rCSidue Which is not P fesent in 'he wild-type polypeptide WW™* 5 - P ref 

5S rJ^end SS^ - 3SPeCt °' ^ inVen,i0n ' ^ CyS,6ine ^ 66 a " addifo " al acid addad at - N- 

Sne SuSm^Vil? ^I""!! have ^ added «V ^placing a natural.y occuring amino acid by a 
22 « « ,! k 6 kn ° Wn 4,16 3rt (S6e ab0ve >- Pr eferably, in the context of this aspect of the invention 

the EPO b human EPO and the replaced amino acid residue is serine 1 26 invention. 

[0040] The second component of the HAS-EPO is hydroxyalkylstarch (HAS) 

whi^Jl h 6 "T.f PreSent inVenti0 "- ,he term "Mroxyalkylstarch" is used to indicate starch derivatives 
which have been substituted by hydroxya.kylgroups. In this context, the alky, group may be substituted Pmferabt 
to hydroxyalky. contains 2-10 carbon atoms, more preferably 2-4 carbon atomi. -t^J^SX^^S' 
SSSKS^ - Mroxybutylstarch herein I^SSS 

[0042] The hydroxyalkylgroup(s) of HAS contain at least one OH-group 

I«S in e eXPreS !l 0, l ; h y drox y alk y ,starch " a 'so includes derivatives wherein the alky, group is mono- or polysub- 
sWuted. In this context. ,t is preferred that the alkyl group is substituted with an halogen especially Z£e ofwX an 

S ^JT ^ remainS Watef S0,Ub ' e - Furthe »™ a - »• ermine. hydroxy g™ oZ^ZZrZ 

moS p rt ° f 6 6d - ' n add " i0n> * he alky ' 9r ° Up ° f the Mrcxyalkylstarch may be linear or branched " 
0044 ^rrnore,^ 

SSS S?tf <HES) I 3 m ° St Preferred for a " ^bodiments of the present invention ' 

OH 300 kol wh e ?lin a r enfa ' "^ethylstarch may have a mean mo.ecu.ar weight (weight mean) 

SSI 71 . ^! HAS "! P0 may COmpri$e 1 ' 12 ' P r e fe rably 1-9. 1-6 or 1-3. most preferred 1-4 HAS molecules oer EPO 
molecule The number of HAS-mo.ecu.es per EPO molecule can be determined by quanatitaHve^a bohydrate cTm 

[0048] The HAS-EPO conjugate of the invention may exhibit essentially the same in-vitro biological activitv as tp 
Tdeterl^ 

for determining the in-vitro biological activity are known in the art (see above) Memoes 
[0049] Furthermore, the HAS-EPO exibits a greater in vivo activity than the EPO used as a startina ma iPri*i w 
ZrF°; rt n UnC ° njU9ated EPO) - M6th0dS f0f de,em,inin9 •» in viv ° «***- actiTy a e JSJhS 'rtlsee 

tSm Tht HaTepoTo" 5 ? 6 de ' e T ati0 " ° f i0 ViV ° 3nd Vitr ° EP ° aCtivi * are *™ "» ExamP. s 9 and 10 
10050] The HAS-EPO conjugate may exhibit an in vivo activity of 110 % to 300 % oreferablv 110 V to ?nn »/ " 

lo%° % " ™ * ™ % ' ^ 11 ° % * "° % ' « ^a^tf ^ugated 
[0051] Compared to the highly sialylated EPO of Amgen (see EP 428 267 B1 ) the HAS-EPO evihite nM .f orah i, , 
leas, 50%. more preferred at .east 70 %. even more preferred at .east BS%^^tS^^£T!u^ t 
2? "ST ?° % ° f the in ViV ° ■** ° f hi9hly sial * aled EPO. if the SSTJLtiSSa Z££ EPO 
OOsir Z L 81 P ^ e r d ' 31 ,eaSl 95 % ° f ^ in ViV ° ^ of tha hi 9"'y sialylated EPO 

me HAS EPO on LOT ^ ^ ° f HAS - EP ° C ° njUga,e ° f the inven,ion main, y r esu..s from the fact that 
Si. , 9 a,e : ema,ns lon 9 er ,n tbe circulation than the unconjugated EPO. because it is less recocnized 

forth^ 

for the determmanon of the ,n vivo half life time of EPO in the circulation are known in L art (Sylkowskt Lunn Davf 
[0053] Consequently, it is a great advantage of the present invention that a HAS-EPO is provided that may be ad- 
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Met > w.«. mce preferably ora. , Mc ^ W " m " en "° n * I"""** «MrW««l 

r 7 y ? ° ups - ' nes , e der,vat »ves may be e.g. derivatives of unsubstituted mono- or dicarboxylic acids with o 19 
!S rnTATc?',? riVa, , iVeS ° f Unsubsti,u,ed dicarboxylic acids with 2-6 carbon atoms are preferred 

20 (ISBN 3-527-29489-9) VCH ' We,nhe,m ' NewYork .espec.allychapter4.4.EsterificationofCellulose 

a) providing EPO being capable of reacting with modified HAS 
* b) providing modified HAS being capable of reacting with the EPO of step a) and 

i) a carbohydrate moiety; or 
30 ii) a thioether. 

53 SZETS ' n p a o Preferred K emb ? l dimen, ■ ^ EP ° haS ,he amin ° acid - W ° f ^an EPO. 



45 



50 



55 



6 



EP 1 400 533 A1 



<£3Tzzrzr r r attached to 

(see above), either extracted from the in "e anS ' "* * "* °' * &M 

Hofer. Lindenmaier. 1989. ^^^^^n^^^^T^^ 1 ^ 9 ' ^T*' 

graphs. 12. 231-246. VCH Publishers. WeinheimS SSSft " ^ SCh ° mbUr9 ^ < ^^' r "^ ono ' 

S^LSSSS^ (2> ab0Ve " " 3 Prefe - d - b0 ~- tha HAS is conjugated to the EPO 

ar^^ p °rr e backbone - preferabiy ' - 

the carbohydrate moiety to which SsSfnSdld.^PPn , " rthercart)oh V drate "ay be present between 

moiety is^torminail^ 

cSydS:^ iXttzssEssx is attached (via a ,inker ° r ■* see ,o 
EowSrs^ 

enzyma.ica.iy or by ^^ZJ^X^T Carb ° hydra,e moie,ies to Polypeptides, either 

Greber. Mosbach. ?986. ^XSSSS^Z^r" T^f Ce " S - " ^ me art < BerQer ' 
H-treated core N-glycans in viuo FEB^ Lett 2^7 2 « nlf T endo - N -acetylg.ucosaminidase 

Scar™^ be °r ed enz r atica,,y - Enzymes ,or 016 - idafon - - 

[0081] If i, is intended tolidTp^r ? f , ' 6 9 the 0888 ° f galactose me enzv m e is ^'actose oxidase. 
Lids U£ y 3 ^^SSttJSST - ?' " "f be eVen,Ua " y " eCeSSary ,0 rem ° ve terminal sialic 

teins pages 175 5tV IR P^PrS ■ yS ' S ;. a PraCtlCa ' aPPr ° aCh ' eSpeCia " y Cha P ter 5 M °*™^ G'ycopro- 
nnooi u Practical approach series (ISBN 0-947946-44-3)) 

achieved by the ^n^Z^ZTe^L Z^ *•* ?*" '° ^ 9a ' aC,0Se ' lhis be 

[0083] in a most preferred embodiment, in step a) the EPO is modified by oxidizing a, leas, one terminal saccharide 
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unit, preferably galactose, of the one or more carbohydrate side chains of the EPO. preferably after partial or complete 
(enzymatic and/or chemical) removal of the terminal sialic acid, if necessary (see above) 

[0084] Consequently, preferably the modified HAS is conjugated to the oxidized terminal saccharide unit of the car- 
bohydrate chain, preferably galactose. 

[0085] Furthermore, the modified HAS may be preferably conjugated to a terminal sialic acid, which is preferably 
oxidized in step a) of the method of the invention. \»*w*oiy 

S«2 IT 3 fUrther Preferred embodimenl ( see P° in « O) above), the EPO comprises at least one free SH-group 
[0087] According to a preferred embodiment, this SH group may be linked to a preferably oxidized carbohydrate 
moiety, e.g. by using a hydroxylamine derivative, e.g. 2-(aminooxy)ethylmercaptan hydrochloride (Bauer L et al 1 965 
J_ Org. Chem., 30. 949) or by using a hydrazide derivative, e.g. thioglycolic acid hydrazide (Whitesides et al 1977 J 
Org. Chem.. 42, 332.) The methods for conjugating these molecules to the oxidized carbohydrate moiety of EPO mav 
be analogous to those described in Example Protocols 8 and 9. 

i 0 n 0 adLd A c^teine 9 * * ***** embodiment, the free SH-group is part of a naturally-occurring cysteine or of 

[0089] Mammalian EPO has several cysteines which normally form disulfide bonds. However, by replacing at least 
one of the cysteines by another amino acid (e.g. by recombinant means), it is possible to obtain an EPO where at least 
one of the natural^ occurring cysteines comprises a free SH-group. Methods for the replacement of amino acids are 

TrZrZ r b H 0, L L r?o n J' Chan9, BarZNay ' De[ ° me - 1997 ' Mappi "9 of ,ne active s « e of recombinant human 
erythropojetm Blood. 89(2). 493-502; Boissel. Lee. Presnell, Cohen. Bunn. 1993. Erythropoietin structure-function 
relationsh.ps. Mutant proteins that test a model of tertiary structure. J Biol Chem., 268(21) 15983-93)) 

22? o^T*^ EP ° haS me ami "° a ° id SequenCe 0f human EPO and tne nalural| y occurring cysteines are 
cysteine zy and/ or 33. 

L 10 !?^^' in 3 Preferred embodiment - cvstei "e 33 is replaced by another amino acid and in step c) the 
modified HAS is conjugated to cysteine 29. 

[0092] In a further preferred embodiment, cysteine 29 is replaced by another amino acid and in step c) the modified 
HAS is conjugated to cysteine 33. 

l0 °!, 31 c ^ the ° 0n,eXt ° f ,he PrCSent inven,ion - °y ,he term "a^ed cysteines" it is meant that the polypeptides pref- 
V , ' f° mpnse a c y steine residue which is "°» Present in the wild type polypeptide. This can be achieved by 
adding (e g. by recombinant means) a cysteine residue either at the N- or at the C-terminus of the polypeptide or bv 
replacing (e.g. by recombinant means) a naturally-occurring amino acid by cysteine. The respective methods are known 
to the person skilled in the art (see above). 

f >referab| y- *? added cvsteine has been added by replacing a naturally occuring amino acid by a cysteine 
S o a pre 'f red ^"od^ent. the EPO is human EPO and the replaced amino acid residue is serine 126 
[0096] Preferably, the modified HAS is conjugated in step c) to the added cysteine 

[0097] In step b) of the method of the invention, modified HAS is provided which is capable of reacting with the EPO 
of step a). 

[0098] In this context, the HAS may be preferably modified at its reducing end. This has the advantage that the 
chermcal reaction can be controlled easily and that the skilled person can be sure which group of HAS is modified 
dur.ng the reaction Since only one group is introduced into the HAS, crosslinking between different EPO molecules 
by multifunctional HAS molecules and other side reactions can be prevented. 
[0099] Accordingly, the modified HAS may be capable of reacting either with 

0) at least one group linked, either directly or via a linker molecule, to sulfide groups or carbohydrate moieties of 

(2) at least one carbohydrate moiety, which is preferably oxidized, and /or 

(3) at least one free SH-group. 

[0100] Witti respect to point (1 ) above, the modification of HAS will depend on the group linked to EPO The underlyino 
mechanism are known in the art. An example is given in Example 4.2.1. 

[0101] With respect to points (2) and (3) above, several methods are known in the art to modify HAS The basic 
principle underlying these methods is that either a reactive group of HAS is modified in order to be capable of reacting 
with the carbohydrate moiety or SH-group or a linker molecule is conjugated to HAS which contains a reactive group 
being capable of reacting with the carbohydrate moiety or SH-group. 

[0102] In case of point (2), the modified HAS may be capable of reacting with oxidized carbohydrate moieties pref- 
erably a terminal saccharide residue, more preferably galactose, or a terminal sialic acid 

[01 03] Several ways are known to modify HAS such that it is capable of reacting with an oxidized, preferably terminal 
saccharide i residue. As mentioned above, this modification may be introduced regioselectively at the reducing end of 
the HES-cham. In this case, in a first step, the aldehyde group is oxidized to a lactone. The modifications include but 
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' ,ed, ^ ea ^ rt,0n ; ° fh y d ^ ide - amin o(a'sohyd ro xWamino). S emicart« 2i deorthiolfunctionstoHAS either 
Z^Z u 3 " nke ; h The ^ ,echniques are ex " lai " ed «" ^rther detail in Examples 2-4. Furthermore, the mechanisms 
tt££?uF T f ° E 196 28 705 A1: Hp0e 61 al - 1981 ■ Carbohydrate Res.. 91. 39; FisseWs e . aT 
^60. J ouma.ofMed 1 c,nalandPharmaceutica.Chemistry.2.47 : Frie.1998.diploma thesis. Fachhochschule Hamburg.* 

Z^L^HT "If TTJ inVenti0n • me 3dditi0n °' 3 hydrazide or M.oxylam.no function is preferred. In this case 
1 '? 9 T reaC ' i0n ° f S,6P C) ° f * e meth0d °' 0,6 P resent al a PH of 5.5. i, is ensu ed 

cross-link.ng by .m.ne formation of lysin side chains with the oxidized saccharide residue 

[0105] In the case of point (3), also several ways are known to modify HAS such that it is capable of reacting with a 
Il^ 9 T, K e , rent ' al,y ' thiS modificatio " is ^selectively a. the reducing end of m "hSS Tjne 

methods ,nc.ude. but are not limited to the addition of maleimide. disulfide or halogen acetamide Lcfons ^ HA? 
These techniques are explained in further detail in Examples 2-4 eiamioe runcuons to HAS. 

Si JTZZZ f ^ th6Se ,echniaues can be obtained from Chamov et al.. 1992. J. Biol. Chem 267 15916- 

[0108] Several linker molecules which are useful in the context of the present invention are known in the art or 
pTe~?v^ 

Sbv ^HaVepo if SO"? PfeSent inVen,i ° n ' *"* EP ° ° f S,ep a > with »• HAS °< *tep °) * reacted, 
^fj^^^.^^" » "~ HAS — - —in the HAS is conjugated to the 

sr;;w 3 r ,edrespec,iv ^ 

[0114] One advantage of this embodiment of the method of the invention is. that it is not necessarv to use toxiov 
S to Sdt ^ r thaUheref0re « is «* »— to -move these solvent! a ££2 In procest 

S T^' advanta9e of ,he meWl ° d of tne invenuon is that irreversible or reversible structural changes are 

Z^Tm ,T d 1 ° r9aniC S ° ,VentS - Conseaue "«y. PO'VPeptides obtained according* he method of the 
nvent.on are d.fferent from those prepared in organic solvents such as DMSO 

[0116] Furthermore, it has been surprisingly observed that the conjugation of HAS to druqs in an aoueous soh.iinn 
!i 117 A. k 8 C ° n,eXt ° f the PreSent invenlion - ,ha «erm "hydroxyalkylstarch" is used to indicate starch derivatives 

ZtSZ Z^T^J^T^^- ,n ,his m me alky1 9roup may •» SESJ 

me nydroxyalkyl conta.ns 2-10 carbon atoms, more preferably 2-4 carbon atoms. 'Hydroxyalkylstarch' therefore oref 

[0118] The hydroxyalkylgroup(s) of HAS contain at least one OH-group 

0 Jm H h ydroxyeth y ,s,a ^ h < HES > is ™s» preferred for all embodiments of the present invention. 

2 T ^ e ex P^s.on hydroxyalkylstarch" also includes derivatives wherein the alkyl group is mono- or polysub- 
st,tuted. In th,s context, .t is preferred that the alkyl group is substituted with an halogen, especially flourine or wfth an 
a* group prov.ded mat „. HAS remains water soluble. Furthermore, the terminal hydroxy gr^ 

m2v1£Z™ M ! n a,ky ' 9r ° UP °' the ^^'Mstarch maybe linear or'bl n d ' " 

[0121] Furthermore, mstead of a.kyl. also linear or branched substituted or unsubstituted a.kylene groups may be 
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[0122] In the context of the present invention, hydroxyethylstarch may have a mean molecular weight (weight mean) 
of 1-300 kDa, wherein a mean molecular weight of 5-1 00 kDa is more preferred. Hydroxyethylstarch may further exhibit 
a molar degree of substitution of 0.1 to 0.8 and a ratio between C 2 :C 6 -substitution in the range of 2-20. with respect 
to the hydroxyethylgroups. 

\° n ]l]] " rhe HAS-EPO produced by the method of the invention can be purified and characterized as follows- 
[0124J Isolation of the HAS-EPO can be performed by using known procedures for the purification of natural and 
recombinant EPO (e.g.size exclusion chromatography, ion-exchange chromatography. RP-HPLC. hydroxyapatite chro- 
matography, hydrophobic interaction chromatography or combinations thereof ). 

[0125] The covalent attachment of HAS to the EPO potypetide can be verified by carbohydrate compositional analysis 
after hydrolysis of the modified protein (ratio of hydroxyethylglucose and mannose present on the three N-glycosylation 
sites of EPO). ' 7 

,K 1 i 6 L Dem ° nstration of HAS modification at N-linked oligosaccharides of EPO can be accomplished by removal of 
Tnalysis N-glycans and observation of the predicted shift to higher mobility in SDS-PAGE +/- Western Blotting 

[0127] HAS modification of EPO at cysteine residues can be demonstrated by the failure to detect the corresponding 
proteose Cys-peptide in RP-HPLC and MALDI/TOF-MS in the proteolytic fragments of the HAS-modified product 
(^hou et al.. 1998. Application of capillary electrophoresis, liquid chromatography, electrospray-mass spectrometry 
and matnx-assistedlaserdesorption/ionization-timeof flight-mass spectrometry to the characterization of recombinant 
human erythropoietin. Electrophoresis. 19(13). 2348-55). The isolation of the HAS-containing fraction after proteolytic 
digestion of the Cys-modified EPO enables the verification in this fraction of the corresponding peptide by conventional 
amino acid compositional analysis. 

[0128] All embodiments disclosed above with respect of the HAS-EPO of the invention concerning properties of EPO 
or HAS apply also to the method of the invention for preparing a HAS-EPO 

Ef LJk 6 'Ik 6 ? 0 ? fUrther fe,ateS ,0 3 HAS - EPO - obtainable by the method of the invention. Preferably, this 
HAS-EPO has the features as defined for the above HAS-EPO of the invention 

[0130] The invention further relates to a HAS-EPO according to the invention for use in a method for treatment of 
the human or animal body. 

[0131] Furthermore, the present invention relates to a pharmaceutical composition comprising the HAS-EPO of the 
invention In a preferred embodiment, the pharmaceutical composition comprises further at least one pharmaceutically 
acceptable diluent, adjuvant and/or carrier useful in erythropoietin therapy. 

[0132] A 'therapeutically effective amount" as used herein refers to that amount which provides therapeutic effect 
foragiven ^condition and administration regimen. The administration of erythropoietin isoforms is preferably by parenter- 
al routes. The specific route chosen will depend upon the condition being treated. The administration of erythropoietin 
.so forms ts preferably done as part of a formulation containing a suitable carrier, such as human serum albumin, a 
suitable diluent, such as a buffered saline solution, and/or a suitable adjuvant. The required dosage will be in amounts 
sufficient to raise the hematocrit of patients and will vary depending upon the severity of the condition being treated 
the method of administration used and the like. 

[01 33] The object of the treatment with the pharmaceutical composition of the invention is preferably an increase of 
the hemoglobin value of more than 6.8 mmol/l in the blood. For this, the pharmaceutical composition may be admin- 
istered in a way that the hemoglobin value increases between 0.6 mmol/l and 1.6 mmol/l per week. If the hemoglobin 
rnil!f XCe ! mm ° m - the therapY Sh0Uld 06 P referab| y interrupted until the hemoglobin value is below 8 1 mmol/l 
[0134] The composition of the invention is preferably used in a formulation suitable for subcutaneous or intravenous 
or parenteral injection. For this, suitable excipients and carriers are e.g. sodium dihydrogen phosphate, disodium hy- 
drogen phosphate, sodium chlorate, polysorbate 80. HSA and water for injection. The composition may be administered 
S«« ? a , We f> Dre,erab, y «"» tim *s a week, more preferably once a week, and most preferably every two weeks 
iui 35] Preferably, the pharmaceutical composition is administered in an amount of 0.01-10 pg/kg body weight of the 
patient more preferably 0.1 to 5 ug/kg, 0,1 to 1 ug/kg, or 0.2-0.9 pg/kg. most preferably 0.3-0.7 pg/kg, and most 
preferred 0.4-0.6 pg/kg body weight. ^ M 

[0136] In general, preferably between 10 pg and 200 pg. preferably between 15 pg and 100 pg are administered per 
dosis. r 

[0137] The invention further relates to the use of a HAS-EPO of the invention for the preparation of a medicament 
for the treatment of anemic disorders or hematopoietic dysfunction disorders or diseases related hereto 
[0138] According to a further aspect of the present invention, the problem is solved by a hydroxyalkylstarch (HAS)- 
polypept.de-conjugate (HAS-polypeptide) comprising one or more HAS molecules, wherein each HAS is conjugated 
to the polypeptide via 1 y 

a) a carbohydrate moiety; or 

b) a thioether. 



10 



EP 1 400 533 A1 



££JE ( H h AS -P 0| yP e P' ,de ° «he invention has the advantage that it exhibits an improved biologica. stability when 
^pared to the polypept.de before conjugation. This is main.y due to the fact that HAS-polypep.ide is leSTZ 
2t! ,h F e r ° Va ' SyStemS ° f me " Ver and kidney and »«*» * the circu^toTsy^m for a longe 

ZZZL of SToSISrr ?mCe ^ ^ 18 aKaChed si,e " s P ecifical| y. the risk of destroying me in vivo biologic, 
T% tk ^ P ,,debyron J u 9 a,,onofHAS >o «he polypeptide is minimized. * 

KL^SdTl 0 ' ^ inV6nti0n m3in,y ^ COmPOnentS ' the ^ ide a " d < ba ^droxy- 

humai so T urL P ° ,yPePtide * * "* ^ " ^ " un "- 3 preferred embodiment, the po.ypep,ide is of 

iZELfZS W*! be 3 Cyt ° kine - eSPeCia " y ^opoietin, an interleukin. especially in.erleukin-2 IFN-B 
IFN-alpha, CSF. interleukin-6 and therapeutic antibodies. P ' 

2JS o "? reSP6Ct 10 erythropoielin - a " embodiments disclosed above also apply here 

[0144] PreferaWy. the polypeptide is recombinant* produced. This includes the production in eukaryotic or orokarv 
ot,c cells, preferably mammalian, insect, yeast, bacteria, cells or in any other cell type J^T^ZSTZ 

F T more - the po,ypep,ide may be exp - sed in ££S2«1 e 

plants >' 6998 ° f ,ranS9eniC birdS> eSpeCially poultf * preferred chick ^ or in transgenic 

hol^ln Jw»h e ^T binant P . r ° dUC,i0n ° f 3 P 01 ^^ is know " * ^e art. In general, this includes the transection of 
host cells with an appropriate expression vector, the cultivation of the host cells under conditions which enable 

TSSL pIT FT? V PUrifiCa,i ° n ° f the P ° lypep,ide from hos « cells " detained Srafon see 
e.g. Krystal Pankrab. Farber. Smart, 1986. Purification of human erythropoietin to homogeneity by a rapid rLTsteo 
procedure. Blood. 67(1). 71-9; Quelle. Cas.ake. Burkert. Wojchowski, 1989. High-.eve. expre^n and TSSSH, 
VHSfO? ery,hropoie «" P-duced using a baculovirus vector. Blood, 74(2). 652-7; EP 640 619^ EP 

ir 1 mLZi h n. POlyP ? P r de may !° mPriSe ° ne ° f m ° re e " w **«» sid * chains attached to the polyppetide via N- and/ 
Z££i f yC °? y ' me P° ,y P e P tide is 9'yoosy.ated. Usually, when a polypeptide is produced in eukaryotic 
^^Z^T^^^^ Co ™'™«y- ■» -rboh y y P dra P .e side 'chain may EES 
S?47i SI 1^ VP P k . ? b,osyn,hesis in mammalian, especially human, insect or yeast cells. 
thA linLr^ i ? T be d,rectly oom^ated to the polypeptide or, alternatively, via a linker molecule The nature of 

vaiSe Z Tom " ? TiT "T ™* " *° P °' yPePtide - SeVera ' ,inkere are 

SI ^MrScCSSi'" HAS " P0,ypep,ide coniU9a,e of ,he invemion - the HAS is 

[0149] In the context of the present invention, the term "carbohydrate moiety" refers to hydroxyaldehvdes or hvdrox 

Germany, » edition, 9, 2281-2285 and the literature cited therein). Furthermore, it also refers to derivatives of naturallv 
occunng carbohydrate moieties .ike glucose, galactose, mannose. sia.ic acid, and the like iSeTZ^KS 

SSISSSS.T" "T" 9 Carb ° hydra,e m ° ietieS Wherei " ,he ""9 « a b - opTnet 

[0150] The carbohydrate moiety may be linked directly to the polypeptide backbone Preferablv the carbohvrtrat* 

cTrLlrf ° f 3 ^ rb0hydrate Ch3in - miS ~ ' ,Urtber ^hydrate mofet es 2SS^S22f2 

Sate olefe^a^^ e T p f ^n d , emb0 ? men, • HAS fe C ° niU9ated 10 3 fla,aCt0Se residue 01 carbohydrate side 
me . termmal 9alactose res,due of ,he carbohydrate side chain. This galactose residue can be made 
avertable for conjugation by removal of terminal sialic acids, followed by oxidation (see below) 

512. 3 fe f er K more Preferred embodimen t. the HAS is conjugated to a sialic acid residue of the carbohydrate 
side chains, preferably the terminal sialic acid residue of the carbohydrate side chain carbohydrate 

S 12, r J'TT^T HAS may be con t u 9 ated 10 ^e polypeptide via a thioether. As explained in detail below the 
roSST I ,1T h °1 T SH 9r ° UP attaChed t0 * he P^'ypeptide. both naturally or non naturally occunng 
[0154] m a preferred embodiment, the S atom may be derived from a SH group which has been introduced In an 
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[0158] Furthermore, the added cysteine may have been added by replacing a naturally occuring amino acid by a 
cysteine. ' 
[0159] The second component of the HAS-polypeptide is HAS. 

[0160] In the context of the present invention, the term -hydroxyalkylstarch- is used to indicate starch derivatives 
which have been substituted by hydroxyalkylgroups. In this context, the alkyl group may be substituted Preferably 
the hydroxyalkyl contains 2-10 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch" therefore pref- 
erably compnses hydroxyethylstarch, hydroxypropylstarch and hydroxybutylstarch. wherein hydroxyethylstarch and 
hydroxypropylstarch are preferred. 

[0161] The hydroxyalkylgroup(s) of HAS contain at least one OH-group. 

[0162] The expression "hydroxyalkylstarch" also includes derivatives wherein the alkyl group is mono- or polysub- 
stituted. In this context, it is preferred that the alkyl group is substituted with an halogen, especially flourine. or with an 
aryl group, provided that the HAS remains water soluble. Furthermore, the terminal hydroxy group of hydroxyalkyl may 
be estenfied or etherified. In addition, the alkyl group of the hydroxyalkylstarch may be linear or branched. 
[0163] Furthermore, instead of alkyl, also linear or branched substituted or unsubstituted alkene groups may be used 
[0164] Hydroxyethylstarch (HES) is most preferred for all embodiments of the present invention. 
[0165] In the context of the present invention, hydroxyethylstarch may have a mean molecular weight (weight mean) 
of 1 -300 kDa, wherein a mean molecular weight of 5-100 kDa is more preferred. Hydroxyethylstarch can further exhibit 
a molar degree of substitution of 0.1 to 0.8 and a ratio between C 2 :C 6 -substitution in the range of 2-20 with respect 
to the hydroxyethylgroups. 

[0166] The HAS-polypeptide may comprise 1-12, preferably 1-9, 1-6 or 1-3, most preferred 1-4 HAS molecules per 
polypeptide molecule. The number of HAS-molecules per polypeptide molecule can be determined by quantitative 
carbohydrate compositional analysis using GC-MS after hydrolysis of the product and derivatisation of the resulting 
monosaccharides (Chaplin and Kennedy, 1986, Carbohydrate Analysis (eds.): a practical approach ed., Chapter 1 
Monosaccharides page 1-36; Chapter 2. Oligosaccharides page 37-53; Chapter 3. Neutral Polysaccharides- 55-96' 
IRL Press Practical approach series (ISBN 0-947946-44-3). 

[01 67] All embodiments disclosed below with respect of the method of the invention to produce a HAS-polypeptide 
concerning properties of the polypeptide or HAS apply also to the HAS-polypeptide of the invention. Furthermore all 
embodiments disclosed above with respect to HAS-EPO or the preparation thereof which relate to peptides in general 
or to HAS apply also to the HAS-polypeptide of the invention. 

[0168] Hydroxyalkylstarch is an ether derivative of starch. Besides of said ether derivatives, also other starch deriv- 
atives can be used in the context of the present invention. For example, derivatives are useful which comprise esterified 
hydroxy groups. These derivatives may be e.g. derivatives of unsubstituted mono- or dicarboxylic acids with 2-12 
carbon atoms or of substituted derivatives thereof. Especially useful are derivatives of unsubstituted monocarboxylic 
acids with 2-6 carbon atoms, especially of acetic acid, In this context, acetylstarch, butylstarch or propylstarch are 
preferred. 

[0169] Furthermore, derivatives of unsubstituted dicarboxylic acids with 2-6 carbon atoms are preferred. 
[0170] In the case of derivatives of dicarboxylic acids, it is useful that the second carboxy group of the dicarboxylic 
acid is also esterified. Furthermore, derivatives of monoalkyl esters of dicarboxylic acids are also suitable in the context 
of the present invention. 

[0171] For the substituted mono- or dicarboxylic acids, the substitute groups may be preferably the same as men- 
tioned above for substituted alkyl residues. 

[0172] Techniques for the esterification of starch are known in the art (see e.g. Klemm D. et al, Comprehensive 
Cellulose Chemistry Vol. 2, 1 998, Whiley-VCH, Weinheim, New York, especially chapter 4.4, Esterification of Cellulose 
(ISBN 3-527-29489-9). 

[0173] In a further aspect, the present invention relates to a method for the production of a hydroxyalkylstarch (HAS>- 
polypeptide-conjugate (HAS-polypeptide), comprising the steps of: 

a) providing a polypeptide being capable of reacting with modified HAS, 

b) providing modified HAS being capable of reacting with the polypeptide of step a), and 

c) reacting the polypeptide of step a) with the HAS of step b), whereby an HAS-polypeptide is produced comprising 
one or more HAS molecules, wherein the HAS is conjugated to the polypeptide via 

i) a carbohydrate moiety; or 

ii) a thioether. 

[0174] The method of the invention has the advantage that a HAS-polypeptide conjugate is produced which exhibits 
a high biological activity. Furthermore, the method of the invention has the advantage that an effective polypetide 
denvative can be produced at reduced cost since the method does not comprise extensive and time consuming puri- 
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fication steps resulting in low final yield. 

[0175] Accordingly, in the first step of the method of the invention, a polypeptide is provided which is capable of 
reacting with modified HAS. 

[0176] As used in the present invention, the term -providing- has to be interpreted in the way that after the respective 
step a molecule (in step a) a polypeptide, in step b) HAS) with the desired properties is available. 
[0177] In the case of step a), this includes the purification of the polypeptide from natural sources as well as the 
recombinant production in host cells or organism, and, if necessary, the modification of the polypeptide so obtained 
[0178] With respect to the polypeptide being the starting material of the present invention, the same applies as for 
the erythropoietin being part of the HAS-polypeptide conjugate of the invention. In this context, the preferred embod- 
iments disclosed above apply also for the method of the invention. 

[0179] Preferably, the polypeptide is recombinantly produced. This includes the production in eukaryotic or prokary- 
otic cells, preferably mammalian, insect, yeast, bacterial cells or in any other cell type which is convenient for the 
recombinant production of the polypeptide. Furthermore, the polypeptide may be expressed in transgenic animals (e 
g. in body fluids like milk, blood, etc.), in eggs of transgenic birds, especially poultry, preferred chicken, or in transgenic 
plants. 

[0180] The recombinant production of a polypeptide is known in the art. In general, this includes the transfection of 
host cells with an appropriate expression vector, the cultivation of the host cells under conditions which enable the 
production of the polypeptide and the purification of the polypeptide from the host cells (Krystal, Pankratz, Farber, 
Smart, 1986, Purification of human erythropoietin to homogeneity by a rapid five-step procedure Blood 67(1) 71-9* 
Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression and purification of a recombinant human erythro- 
poietin produced using a baculovirus vector, Blood, 74(2), 652-7; EP 640 619 B1 and EP 668 351 B1). 
[0181] The polypeptide may comprise one or more carbohydrate side chains attached to the polypeptide via N- and/ 
or O-I.nked glycosylate, i.e. the polypeptide is glycosylated. Unsually, when the polypeptide is produced in eukaryotic 
cells, the polypeptide is posttranslationally glycosylated. Consequently, the carbohydrate side chains may have been 
attached to the polypeptide during production in mammalian, especially human, insect or yeast cells, wherein the cells 
may be those of a transgenic animal or plant (see above). 

[0182] These carbohydrate side chains may have been chemically or enzymatically modified after the expression in 
the appropriate cells, e.g. by removing or adding one or more carbohydrate moieties (see e.g. Dittmar, Conradt Hauser 
Hofer, Lindenmaier, 1989. Advances in Protein design; Bloecker, Collins, Schmidt, and Schomburg eds. GBF-Mono- 
graphs, 1 2, 231-246, VCH Publishers, Weinheim, New York, Cambridge) 

[0183] It is the object of the method of the invention to provide an HAS-polypeptide comprising one or more HAS 
molecules wherein the HAS is conjugated to the polypeptide via a carbohydrate moiety (i) or via a thioether (ii) Con- 
sequently, the polypeptide provided in step a) should have the properties that a conjugation via a carbohydrate moiety 
and/ or via a thioether is possible. Therefore the polypeptide after step a) may preferably contain either 

(1) at least one reactive group linked, either directly or via a linker molecule, to sulfide groups or carbohydrate 
moieties, which is capable to react with HES or modified HES, 

(2) at least one carbohydrate moiety to which modified HAS can be conjugated, and/or 

(3) at least one free SH-group. 

[0184] With respect to possibility (1) above, the polypeptide of step a) is preferably obtainable by conjugating an 
appropriate linker molecule to the SH-group(s) or carbohydrate moieties of the polypeptide. An example for such a 
modified polypeptide is provided in Example 4, 2.1. It is important to ensure that the addition of the linker molecule 
does not damage the polypeptide. However, this is known to the person skilled in the art. 

[0185] With respect to possibility (2) above, in a preferred embodiment, the modified HAS is conjugated to the 
polypeptide via a carbohydrate moiety. 

[0186] The carbohydrate moiety may be linked directly to the polypeptide backbone. Preferably, the carbohydrate 
moiety is part of a carbohydrate side chain. In this case, further carbohydrate moieties may be present between the 
carbohydrate moiety to which HAS is linked and the polypeptide backbone. More preferably, the carbohydrate moiety 
is the terminal moiety of the carbohydrate side chain. 

[0187] Consequently, in a preferred embodiment, the modified HAS is attached (via a linker or not see below) to 
carbohydrate chains linked to N- and/ or O-glycosylation sites of the polypeptide. 

[0188] However, it is also included within the present invention that the polypeptide contains (a) further carbohydrate 
mo«et(y).es to which the modified HAS is conjugated. Techniques for attaching carbohydrate moieties to polypeptides 
either enzymatically or by genetic engineering, followed by expression in appropriate cells, are known in the art (Berge/ 
Greber, Mosbach, 1986, Galactosyltransferase-dependent sialylation of complex and endo-N-acetylglucosaminidase 
H-treated core N-glycans in vitro, FEBS Lett., 203(1), 64-8; Dittmar, Conradt, Hauser, Hofer, Lindenmaier 1989 Ad- 
vances in Protein design; Bloecker, Collins, Schmidt, and Schomburg eds., GBF-Monographs 12 231-246 VCHPub- 
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lishers, Weinheim, New York. Cambridge) 
glycans in vitro FEBS Lett 203(1^ 64 8) endo-N-acety.g.ucosaminidase H-treated core N- 

SIS 

added cysteine. embodiment, the free SH-group ,s part of a naturally-occurring cysteine or of an 

m eans)acys,eineresidure2e7a«th t 

SSpiSS a) mem0 ° ° f inVen,i ° n ' HAS iS Pr0Vided Which * —* of -acting with the 

Slue^n^^^ - — f This has the advantage tha, the 

during the reaction. Since on^oXTS^fcSS KTLelS "7 J** ^ ° f HAS " 
ecutes bymultjnctional HAS nwlelLles and o^er^ ^ «* 

[0205] Accord.ngly, me modified HAS may be capable of reacting either with 

2.S5Sr P "' nked ' 6tther direC, ' y ° f ^ 3 Mnker m0,eCUle ' l ° SU ' fide ^ S " Pieties of 

is! s o° n n : ^sCr* 8 * which is pre,erab,y oxidized - and /or 
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with the carbohydrate moiety or SH-group or a linker molecule is conjugated to HAS which contains a reactive group 
being capable of reacting with the carbohydrate moiety or SH-group. 

[0208] In case of point (2). the modified HAS may be capable of reacting with oxidized carbohydrate moieties pref- 
erably a terminal saccharide residue, more preferably galactose, or with a terminal sialic acid. 
[0209J Several ways are known to modify HAS such that it is capable of reacting with an oxidized, preferably terminal 
sacchande residue. As mentioned above, this modification may be introduced regioselectively at the reducing end of 
the HES-cha.n. In this case, in a first step, the aldehyde group is oxidized to a lactone. The modifications include but 
are not limited to the addition of hydrazide. amino (also hydroxylamino). semicarbazide or thiol functions to HAS either 
directly or via a linker. These techniques are explained in further detail in Examples 2-4. Furthermore, the mechanisms 
per se are known in the art (see e.g. DE 196 28 705 A1; Hpoe et at.. 1981. Carbohydrate Res., 91 . 39; Fissekis et al 
1960. Journal of Medicinal and Pharmaceutical Chemistry, 2, 47; Frie. 1998, diploma thesis. Fachhochschule Hamburg! 

[0210] Within the present invention, the addition of a hydrazide or hydroxylamino function is preferred. In this case 
by preferably conducting the reaction of step c) of the method of the present invention at a pH of 5.5. it is ensured that 
the modified HAS reacts selectively with the oxidized carbohydrate moiety of the polypeptide without inter- or intramo- 
lecular polypeptide cross-linking by imine formation of lysine side chains with the oxidized saccharide residue 
[021 1] In the case of point (3), also several ways are known to modify HAS such that it is capable of reacting with a 
free SH-group. Preferentially, this modification is introduced regioselectively at the reducing end of the HES-chain The 
methods include, but are not limited to the addition of maleimide, disulfide or halogen acetamide funclions to HAS 
These techniques are explained in further detail in Examples 2-4 

[0212] Further details about these techniques can be obtained from Chamov et al.. 1 992 J. Biol Chem 267 1 591 6" 
Thorpe et al., 1984, Eur. J. Biochem., 140. 63; Greenfield et al.. 1990. Cancer Research. 50, 6600 as well as from the 
literature cited in Example 2. 1 .3. 

[0213] Further possible functions are listed in Table 1 , providing a systematic overview over possible linker molecules 
Furthermore, the mechanisms per se are known in the art. 

[0214] Several linker molecules which are useful in the context of the present invention are known in the art or 
commercially available (e.g. from Pierce, available from Pernio Science Deutschland GmbH. Bonn, Germany) 
[0215] In step c) of the method of the present invention, the polypeptide of step a) with the HAS of step b) is reacted 
whereby an HAS-polypeptide is produced comprising one or more HAS molecules wherein the HAS is conjugated to 
the polypeptide via a carbohydrate moiety or via a thioether. 

[0216] In principle, the detailed methods how to react the polypeptide with the modified HAS depend on the individual 
Polypeptide and /or the HAS and are known in the art (see e.g. Rose. 1994, J. Am. Chem Soc 
116 30; OShannessay and Wichek. 1990. Analytical Biochemistry. 191, 1; Thorpe et al., 1984. Eur. J. Biochem 14o' 
63; Chamov etal.. 1992. J. Biol. Chem., 267. 1591 6). ".ocnem., i«, 

c° f ' he methods exem P |ifi ed in the present invention, the details are given in Examples 2-4. especially 4 
[0218] Step c) may be performed in a reaction medium comprising at least 1 0 % per weight H,0 
[0219] The reaction medium in this preferred embodiment of the method of the invention comprises at least 1 0 % 
per weight water, preferred at least 50 %. more preferred at least 80 %. e.g. 90 % or up to 1 00 %. The degree of organic 
medium 8 is wateT'^ reSPeCtiVe ' y - Conse « uen «y- the taction takes place in an aqueous phase. The preferred reaction 

[0220] One advantage of this embodiment of the method of the invention is, that it is not necessary to use lexico- 
logically critical solvents and that therefore it is not necessary to remove these solvents after the production process 
in order to avoid the contamination with the solvent. Furthermore, it is not necessary to perform additional quality 
contro s with respect to residual lexicologically critical solvents. It is preferred to use as organic solvents lexicologically 
not critical solvents like ethanol or propylenglycol. 

[0221] Another advantage of the method of the invention is that irreversible or reversible structural changes are 
avoided which are induced by organic solvents. Consequently, polypeptides obtained according to the method of the 
invention are different from those prepared in organic solvents such as DMSO. 

[0222] Furthermore, it has been surprisingly observed that the conjugation of HAS to drugs in an aqueous solution 
avoids s.de reactions. Consequently, this embodiment of the method of the invention leads to improved products with 
great purity. 

[0223] In the context of the present invention, the term "hydroxyalkylstarch" is used to indicate starch derivatives 
which have been substituted by hydroxyalkylgroups. In this context, the alkyl group may be substituted. Preferably 
the hydroxyalkyl contains 2-10 carbon atoms, more preferably 2-4 carbon atoms. "Hydroxyalkylstarch" therefore pref- 
erably comprises hydroxyethylstarch. hydroxypropylstarch and hydroxybutylstarch, wherein hydroxyethylstarch and 
hydroxypropylstarch are preferred. 

[0224] The hydroxyalkylgroup(s) of HAS contain at least one OH-group. 

[0225] Hydroxyethylstarch (HES) is most preferred for all embodiments of the present invention. 
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[ ?f , 6 L ,™ e . expression -Mroxyalkylstarch- also includes derivatives wherein the alkyl group is mono- or polysub- 
strtuted. In th,s context, ,t is preferred that the alkyl group is substituted with an halogen, especially flourine orwlth an 
aryl group, prov.ded that the HAS remains water soluble. Furthermore, the terminal hydroxy group of hydroxyalkyl may 
^IT c ° r etherified - additi0n> the alkyl 9roup of »» Mroxyalkylstarch may be linear or branched 
used Furthermore - inslead of alkvl - also linear 01 "ranched substituted or unsubstituted alkylene groups may be 

of 1-300 kDa, wherein a mean molecular weight of 5-100 kDa is more preferred. Hydroxyethylstarch may further exhibi 

S ^foM^f 6 r dU .'! d by me meth0d ° f ,he inVenti0 " can be purified and characterized as follows: 
[0230] Isolator, of the HAS-polypeptide can be performed by using known procedures for the purification of natural 
and recombinant polypeptides (e.g. size exclusion chromatography, ion-exchange chromatography, RP-HPLC hv- 
fraxyapatite chromatography, hydrophobic interaction chromatography or combinations thereof) ' 

l „ J m , B -^f 6nt a,,acnment of HAS 10 tne POlypetide can be verified by carbohydrate compositional analysis 
after hydrolysis of the modified protein. Huwuonai analysis 

lemolL rtZulf °" 1"?! 1 m ° dification at N - |inked oligosaccharides of the polypeptide can be accomplished by 
EeTn Btelfinc ^analyste ^ ° bSerVati ° n ° f the predicted snifl ,0 hi 9 her mo "ility in SDS PAGE + /- 

l ?n™Ln? S m ° difi ?! ion ° f p0,ypep,ide at c y s,eine residue s can be demonstrated by the failure to detect the 
corresponding proteolytic Cys-peptide in RP-HPLC and MALDI/TOF-MS in the proteolytic fragments of the HAS-mod- 
ified product (Zhou et a... 1998. Application of capillary electrophoresis, liquid chromatography, e.ectrospray-mass 
spectrometry and matrix-assisted laserdesorption/ionization - time of flight - mass spectrometry to me character 
aft^jr ery,hr ° P0 ; e,in - Electrophoresis. 19(13). 2348-55). The isolation of the HAS-containing fraction 

afte proteolytic digestion of the Cys-modified polypeptide enables the verification in this fraction of the corresponding 
peptide by conventional amino acid compositional analysis. 

22? L^l e ?H° dim jrL S diS ? ° Sed 3b0Ve W " h reSP6Ct °' ,he HA S-POlypeptide of the invention concerning properties 
of the polypeptide or HAS apply also to the method of the invention for the production of a HAS-polypeptide conjugate 
Furthermore, all embodiments disclosed above with respect to HAS-EPO or the preparation thereof which relate to 
peptides ,n genera, or to HAS apply also to the method of the invention for the production of a HAS-polypeptide " 

HAsllv^rh! 0 ^? 6 ,' fela,eS !f I HAS - po, y peptide . ob ^'"able by the method of the invention. Preferably, this 
^ P 38 ,he fea,UreS 38 deflned for ,he above HAS-polypeptide of the invention. 

IfmPin^nlT 0 ' 6 ' T K nVen,i ° n re,at6S t0 3 pharmac e"tical composition comprising the HAS-polypeptide 
of the .nvention In a preferred embodiment, the pharmaceutical composition comprises further at least one pharma- 
ceutoally acceptable diluent, adjuvant and/or carrier useful in erythropoietin therapy. 

camfnt f^^ZT" V?" l ° ° f 3 HAS -e° ,v P e P« da « *° invention for the preparation of a medi- 

co, tk . ° anem ' C d ' SOrderS ° r hema, °P° ie «c dysfunction disorders or diseases related hereto 

S rp!L »S! ' nVe , 1 illUS,rated by ,he f0ll0Win9 fi9UreS ' 136168 and exam P ,es - whic h are in no way intended 
to restnct the scope of the present invention. 

Short description of the Figures 

Figure 1 

J0240] Figure 1 shows an SDS page analysis of two HES-EPO conjugates 
mw: marker 

I" 3 " 6 1' "! !"! P ° P roduced according to example protocol 8: EPO is conjugated to hydrazido-HES 1 2KD L 
Lane 2: HES-EPO produced according to example protocol 9 : EPO is conjugated to hydroxylamino HES 12 KD K 
C: control (unconjugated EPO); the upper band represents EPO dimer 

Figure 2 

E l dem ° nst I a,es ,nat »«» HES is conjugated to a carbohydrate moiety of a carbohydrate side chain by 

showing a digestion of HAS modified EPO forms with polyppetide N-glycosidase 
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Lane 1 : HES-EPO produced according to example protocol 8 after digestion with N-glycosidase 
Lane 2: HES-EPO produced according to example protocol 9 after digestion with N-glycosidase 
Lane 3: BRP EPO standard 

Lane 4: BRP EPO standard after digestion with N-glycosidase 

mw: marker (Bio-Rad SDS-PAGE Standards Low range Catalog No 161-0305, Bio-Rad Laboratories, Hercules 
CA, USA) 

Examples 
Example 1 

Production of recombinant EPO 

A) Production in mammalian cells 

[0242] Recombinant EPO was produced in CHO cells as follows 

[0243] A plasmid harbouring the human EPO cDNA was cloned into the eukaryotic expression vector (pCR3 and 
named afterwards pCREPO). Site directed mutagenesis was performed using standard procedures as described 
(Grabenhorst. N.mtz, Costa et al.. 1998, In vivo specificity of human alpha 1 ,3/4-fucosyltransferases lll-VH in the bio- 
synthesis of Lewis(x) and sialyl Lewis(x) motifs on complex-type N-glycans -Coexpression studies from BHK-21 cells 
together with human beta-trace protein, J. Biol. Chem., 273(47), 30985-30994). 

[0244] CHO cells stably expressing human EPO or amino acid variants (e.g. Cys-29-*Ser/Ala, or Cys-33->Ser/Ala 
™I 26 ^ A,a etC,) th6re0f W6re 9 enerated witn the ca,cium Phosphate precipitation method and selected with 
G418-sulfate as described (Grabenhorst et al.). Three days after transfection, the cells were sub-cultivated 15 and 
selected in DMEM containing 10% FBS and 1.5 g/liter G418 sulfate. 

[0245] Using this selection procedure, usually 100-500 clones survived and where propagated in selection medium 
for a further time period of 2-3 weeks. Cell culture supematants of confluently growing monolayers were then analyzed 
for EPO expression levels by Western blot analysis and by lEF/Western Blot analysis. 

1 ? ™L E u° WaS produced from stable subclones in spinner flasks or in 21 perfusion reactors. Different glycoforms 
of EPO with different amounts of NeuAc (e.g. 2-8, 4-10, 8-12 NeuAc residues) were isolated according to published 
protocols using combinations various chromatographic procedures as described below. 

Literature: 

[0247] Grabenhorst. Conradt, 1999, The cytoplasmic, transmembrane, and stem regions of glycosyltransferases 
specify their in vivo functional sublocalization and stability inthe Golgi.. J Biol Chem., 274(51 ). 36107-1 6- Grabenhorst 
Schlenke, Pohl. Nimtz, Conradt. 1999, Genetic engineering of recombinant glycoproteins and the glycosyiation pathway 
m mammalian host cells. Glycoconj J.. 16(2). 81-97; Mueller. Schlenke. Nimtz, Conradt, Hauser. 1999. Recombinant 
glycoprotein product quality in proliferation-controlled BHK-21 cells, Biotechnology and bioengineering. 65(5) 529-536- 
Schlenke. Grabenhorst, Nimtz, Conradt. 1999. Construction and characterization of stably transfected BHK-21 cells 
with human-type sialylation characteristic, Cytotechnology, 30(1-3). 17-25. 

B) Production in insect cells 

[0248] Recombinant human EPO was produced from insect cell lines SF9 and SF 21 after infection of cells with 
recombinantbaculovirus vector containing the human EPO cDNA under control of the polyhedrin promoter asdescribed 
in the literature. 

[0249] Cells grown in serum-free culture medium were infected at cell density of 2x 10« or X10 7 cells per mL and 
EPO titers were determined every day in the cell culture supematants. EPO was purified by Blue sepharose chroma- 
tography, ion-exchange chromatography on Q-Sepharose and finally RP-HPLC on C 4 -Phase 
[0250] Purity of the product was checked by SDS-PAGE and N-terminal sequencing. Detained carbohydrate struc- 
tural analysis (N- and O-glycosylation) was performed according to published procedures. 

Literature: 

[0251] Grabenhorst, Hofer, Nimtz. Jager. Conradt, 1993, Biosynthesis and secretion of human interleukin 2 glyco- 
protein variants from baculovirus-infected Sf21 cells. Characterization ofpolypeptides and posttranslational modifica- 
tions. Eur J Biochem., 215(1), 189-97; Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression and purifi- 
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cation of a recombinant human erythropoietin produced using a baculovirus vector. Blood, 74(2). 652-7 
Example 2 

Formation of reactive HES derivatives 
1. SH-reactive HES 

1.1 Reaction of EMCH with Oxo-HES12KD to form SH-reactive HES12KD B 
[0252] 




J?*? .°; 14 , 4 9 V™ mm0l) ° f 0x °- HES1 2KD (Fresenius German Patent DE 196 28 705 A1) were dissolved in 0 3 

s^sss2?5*r and were added dropwise under ^ ■» * ^ ^ZZ^Z 

EMCH (Perb.o Science. Deutschland GmbH. Bonn. Germany) in 1.5 mL DMSO. After stirring for 19 h at 60°c7e 

C^ZJZS ° f ri 3 miXtUre ° f eUlan01 aC6,0ne - The P«e 9 was coiled by c n 
trougation, red.ssolved .n 3 mL DMSO and aga.n precipitated as described. The SH-reactiv-HES12KD B was obtained 
by centnfugat.on and drying in vaccuo. The conjugation reaction with Thio-EPO is described in Exampl j. 2 2 



Alternatives: 



toZlal^^^T^?" f " ^ USed ' ^ eXhib " 3 hydrazide " and 3 maleimi ^ function, separated 
by a spacer. Further examples for molecules of that group, available from Perbio Science Deutschland GmbH Bonn 

oisuinae function instead of a maleimide funcion could also be used. 
1.2 Halogenacetamide-derivatives of HES glycosylamines 

a) Glycosylamine-formation 1 

immnn A I™ 9 *™? 6 °' HES12KD was d ^solved in 3 mL of saturated ammonium bicarbonate Additional solid 

ts^ss^^tt: 10 tt satura,ion ° f ,he so,uti ° n **» *»*"» * 120 ^ SS5.^I 

Amino-HES 12KD C was desalted by direct lyophilization of the reaction mixture. 

b) Acylation of the glycosylamine C with chloroacetic acid anhydride 

A 1 ,7f mP ' e ° f Amino - HES 12KD c was absolved in 1 mL of 1 M sodium bicarbonate and cooled on ice 
Tottus was added a crystal of solid chloroacetic acid anhydride (-5 mg). and the reaction mixture was al.oweo to wa™ 
o room temperature. The pH was monitored and additiona. base was added if the pH dropped MwTo Ater iZ 

ceSide hTs dT C? w/sTV'r * ° f ^ anhydfide W3S added - After six h °" rs «"* rotl^Z 
cetam,de HES D1 (X - CI) was desalted by passage over a mixed bed Amberlite MB-3(H)(OH) ion exchange resins. 

'Manger. Wong, Rademache, Dwek, 1 992 . Biocnem feu7 , 3,. ,0733-10740; Mange, Rademacner, Owek, 1992. BiochemisUy. 31. 10724-10732 
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c) Acylation of the glycosylamine with bromoacetic anhydride 



SSJmTSUl SJEfJT Tr d 38 deSCnbed by Th0mas3 A 1 «* sam P ,e ° f a ™<^S 12KD C was 
ml n« J d aCet ° ne Wfth - 2 ° ° C - The prec, 'P ila,e was by centrifugation redissoted in 0 1 

[0258] 



.OH 



h ohch fia^r^ 





Alternatives: 



[0259] For acylation of amino groups, other activated forms of halogen acidic acids can be used. e.g. 
-bromides or -chlorides 

' Sh e L^e y e^ SU ° Cinimide 6S,er> ^ SUbSU,U,ed Phe " 0tes (P-""ropheno.e. pentafluoropheno.e, 

52. ~r LTr 1 ^2S^ 1> ^^ 9 T P r r° 9en acetyl ,unctfon - separated » * 

1.3 Halogenacetamide-derivatives of Amino-HES E 1 

a) Reaction of 1.4-diaminobutane with Oxo-HES 12KD to amino-HES 12KD E« 

at WC i^l^ 5 mL (15 mmol) M-diaminobutane in 15 mL DMSO. After stirrino for 19 h 

at4 >Cthereact,onm,xture was added to 160mLofa 1:1 mixture of ethanol and acetone The preSSh^HK 

^^^^^^^^^^^ 



2 Black, Kiss. Tutt. Withers, 1993.Cerbohydr Res., 250. 195 
Thomas, 1977, Methodes Enzymol., 46. 362 
S. Frie, Diplomarbeit. Fachhochschule Hamburg. 1998 
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HE N>^ 




OH 


5 HO 
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HO, 



OH 
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b) Chloroacetamide-HES12KD F1 was prepared as described for Chloroacet-amide-HES12KD D1 in 1.3 above. 

c) Bromoacetamide-HES 1 2KD F2 (X = Br) was prepared as described for Bromoacetamide-HES12KD D2 in 1 3 above 
The conjugation reaction with Thio-EPO is described in Example 3, 1.2. .^aDove. 

S^TSpie aTr^^ 6 " ^ = ° ^ iS ° ,a,ed bef ° re ilS feaC,i0n WHh m ^ P °- The * 
Alternatives: 



[0262] See 1.2 above 
2. CHO-Reactive HES 
25 2.1 Hydrazide-HES 

a) Reaction of hydrazine with Oxo-HES 12KD 
[0263] 

30 



OH 



35 



40 



45 



HES 




HES 




2 H M4 9 {0 '\ 2 mmo, > of Oxo-HES12KD were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) and were 

♦ nitrogen to a mixture of 047 mL (15 mmo,) h * dra2lne - 15 mL dmso! S^ffJJS 

40 C the react.on m.xture was added to 160 mL of a 1:1 mixture of ethanol and acetone The precipitated oroduct J 
wascollectedbycen^^ 

,n water solution and for 2 days against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Pertio Science ^SSZ 
GmbH, Bonn, Germany) and lyophilized. The conjugation reaction with oxidised Glyco-EPO is d^^SSS 



50 
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b) Reaction of adipic dihydrazide with Oxo-HES 12KD 
[0265] 



HES 




I0 H 6 ?L 1 ^i 15 mm0,) 3deplC dih V drazide were dissolved in 20 mL absolute dimethyl sulfoxide mMSO\ *i fiw 
Alternatives : 

[0267] Furthermore, derivatives can be used, wherein 2 hydrazid groups are separated by any spacer. 
3. Further Amino-HES12KD derivatives I and H 1 



HES^ 




HES^ 



OH 




HOA H 



H OH 
H 
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K 



[0270] 0-[2-(2-aminooxy-ethoxy)«ethyl)-hydroxylamine was synthesized as described by Boturyn et a) in 2 steps from 
commercially available materials. 5 1,44 g (0.12 mmol) of Oxo-HES 12KD were dissolved in 3 mL absolute dimethyl 
sulfoxide (DMSO) and were added dropwise under nitrogen to a mixture of 2.04 g (1 5 mmol) 0-[2-(2-aminooxy-ethoxy)- 
ethylj-hydroxytamine in 15 mL DMSO. After stirring for 48 h at 65°C the reaction mixture was added to 160 mL of a 1 : 
1 mixture of ethanol and acetone. The precipitated product K was collected by centrifugation, redissolved in 40 mL of 
water and dialysed for 4 days against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland 
GmbH, Bonn, Germany) and lyophilized. The conjugation reaction with oxidised Glyco-EPO is described in Example 

4, 3.1. 

Alternatives : 

[0271] Furthermore, derivatives could be used, wherein the two hydroxylamine groups are separated by any spacer. 

5. Thio-HES12KD 

5.1 Addition to Oxo-HES12KD 
[0272] 




M 

[0273] 1,44 g (0.12 mmol) of Oxo-HES12KD were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) and were 
added to a mixture of 1 .16 g (15 mmol) cysteamine in 15 mL DMSO under nitrogen dropwise. After stirring for 24 h at 
40°C the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone. The precipitated product M 
was collected by centrifugation, redissolved in 40 mL of water and dialysed for 2 days against a 0.5 % (v/v) triethylamine 
in water solution and for 2 days against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland 
GmbH, Bonn, Germany) and lyophilized. The conjugation reaction with oxidised Glyco-EPO is described in Example 
4,2.1. 



5 Boturyn, Boudali, Constant, Defrancq, Lhomme, 1997, Tetrahedron, 53, 5485 
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Alternatives : 

[0274] Derivatives could be used, wherein the amino group and the thio-function are separated by any spacer Fur- 
thermore, the ammo group in the derivatives could be replaced by a hydrazine, a hydrazid or a hydroxylamine The 
th IO -funct.on could be protected in the form of e.g. a disulfide or a trityt-derivative. However, in this case a further 
deprotection step must be preformed before the conjugation, which would release a component being analogous to M. 

5.2 Modification of Amino-HES12KD E, H or I 

a) Modification with SATA/SATP 

[0275] 1.44 g (0.12 mmol) of Amino-HES12KD E. H or I were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) 
and were added to a mixture of 139 mg (0.6 mmol) SATA in 5 mL DMSO under nitrogen dropwise. After stirring for 24 
h at room temperature the reaction mixture was added to 1 60 mL of a 1 :1 mixture of ethanol and acetone. The precip- 
itated product N was collected by centrifugation, redissolved in 40 mL of water and dialysed for 2 days against water 
(SnakeSkin dialysis tubing. 3.5 KD cut off. Perbio Science Deutschland GmbH. Bonn. Germany) and lyophilized 
[0276] The deprotection was performed in a 50 mM sodium phosphate buffer, containing 25 mM EDTA and 0 5M 
hydroxylamine. pH7.5 for 2 hours at room temperature and the product O was purified by dialysis against a 0 1 M 
sodium acetate buffer pH 5.5. containing 1 mM EDTA. The deprotection reaction was performed immediately before 
the conjugation reaction which is described in Example 4, 2.1. 



HES 



SATA 





Deprotection 



Deprotection 



^ hes\ ^j^ ^ QH ^ 

Q »"\^ 

SH 



b) Modification with SPDP 

[0277] 1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) 
and were dropw.se added to a mixture of 187 mg (0.6 mmol) SPDP in 5 mL DMSO under nitrogen. After stirring for 24 
hat room temperature the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone The precip- 
itated product P was collected by centrifugation, redissolved in 40 mL of water and dialysed for 2 days against water 
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Germany) and lyophilized 
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fy dialysis agate, „ 0., M sodiJn S»h2i1^>? . »«P«»» « Ids producl O wss MM 



Alternatives: 



Kem^^^ 

bedirectlyusedfortheconjugatonr^ 
derivatives, the synthesis 

analogous to SATA could be uS^hS^^Z^, T " ^ *" ^ a " dCriVa,iVeS bein 9 
spacer. SATP beinq a further member nf.h c . ester-funchon and a thioester-function. separated by any 

analogous to ££ i!SE£J^2X£" f ,ab ' e * m " tad WKh a " The deriva4iv <* ^eing 
members of these b£?JTSS in table Sed ^^^f 0 "- "P— by any spacer. Further 
^function 

Example 3 

Conjugation reactions with Thio-EPO 

1. Reaction of Thio-EPO with a halogenacetamide-modified SH-reactive HES 
1.1 Example Protocol 1 

52 icSS to^mino-HES12KD ,E, H or „ with a Cross-,in k er containing a NHS-active-ester 

Materials 

[0281] 

A. Borate buffer. Composition was 50 mM sodium borate, pH 8.3 5 mM EDTA 

C S^SSnt" u r6d Sa ' ine: 10 mM SOdium P"°sPhate. 150 mM NaCI. pH 7.4. 

C. AmmoHES12KD E, H or I. Prepared at 1 mg/mL in borate buffer 

D. Crosslinker stock solution: 14 mg SIA were dissolved in 1 ml DMSO 

many^ D "*" DeSa ' tin9 C ° ,UmnS ' 2 * 5 bed V0,U ™ < Pert >* Science Deutschland GmbH. Bonn. Ge, 

G C Thr p a p S n ie ®,? 0,e c ASSay Rea9ent (Pert>i ° Science D ^«sch.and GmbH, Bonn. Germany) 

G. Th.oEPO so.ut.on: 5 mg/mL of ThioEPO 1 in borate buffer Germany, 

H. M.croconcentrator: Microcon YM-3 (amicon. Milipore GmbH. Eschborn, Germany) 



Method 



[0282] 100 pi SIA solution was added to 400 uL of the aminnWPQ nxr> <= » i 

agitation for 0.5 hours at room temperature The Lr«™c T ° U "° n a " d WaS allowed t0 reac « wi,h 



Alternatives: 
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a iodoacetamide function separated by a spacer. Further examples are found in table 2. They are marked with a "C- 
and are av.alable from Perbio Science Deutschland GmbH. Bonn, Germany. 

1.2 Example Protocol 2 

[0284] Conjugation of ThioEP0 1 to SH reactiveHES12KD bromoacetamide D2, F2 or iodoacetamide D3.> 

Materials 

[0285] 

A. Phosphate buffer. Composition was 100 mM sodium phosphate, pH 6.1. 5 mM EDTA 

B. PBS. phosphate buffered saline: 10 mM sodium phosphate. 150 mM NaCI pH 7 4 

n I" ' r ^ ,iveHES12KD bromoacetamide D2. Prepared at 10 mg/mL in phosphate buffer 

a D-SaltTM Dextran Desalting Columns. 2 x 5 mL bed volume (Perbio Science Deutschland GmbH. Bonn. Ger- 

f ^ 0 °c^ Sie ® Pr ° tein ASSay Reagenl (Perbi ° Science Deutschland GmbH. Bonn. Germany) 
• ThioEPO solution: 5 mg/mL of ThioEPO 1 in phosphate buffer. 

Method 

[0286] 1 mL SH reactiveHES 12KD bromoacetamide D2 solution and 1 mL of Thio-EPO solution were combined 
and the reaction m.xture was incubated for 48 hours at room temperature. Reactivity of the exce^ ZZaZ^l 

Tctrrr at the end , ° f me incuba,ion period by me addi « on ° f * - ks^stzts 

reaction mixture was applied to a desalting column, equilibrated with PBS buffer. The protein content o the fractions 

ZZ °,h ? d 3 C °T SSie Pr0tei " 3SSay rea9em ' a " frac,ions c °" ,ai " in 9 *• jugate TJe 

and the the conjugate was obtained by lyophylisation after dialysis against water over night. 

Alternatives : 

[0287] Instead of the isolation of the SH reactive HES12KD-bromoacetamid D2 amino HES12KD re h ii ™ ,.h k» 
hnked with a cross-linker via a succinimide- and a bromoacetamid function fi^Z.J25S I memb "o f thi 
group of cross-linkers and is found in table 2, marked with a "D". memoer of this 

2. Reaction of Thio-EPO with a maleimide-modified SH-reactive HES 
2.1 Example Protocol 3 

group 1 e.g C MS 2 H i0n " Thi ° EP ° * HES12K ° "* 3 Cr ° SS -' inker 3 hydrazide and a ma,eimida *"*tiona. 

Materials 

[0289] 

A. M 2 C 2 H stock: 10 mg/mLM2C2H in DMSO, prepared fresh 

B. HES 12KD: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5 

C. ThioEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCI-buffer 

D. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI, pH 7.0 

E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn, Germany) 
Gel Oration column: for example, Sephadex® G-200 (1 .5 x 45 cm) 

G. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 
PBS ' P^sphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4. 

Method 

K 0 , 1 "ff S ° ,Uti0n 3dded t0 400 ^ ° f the HES 12KD so,utlon t0 a fin al concentration of 1 mM and was 

de Va.asco, MerKus, Anderton, Ve*eu., Lizzio. Van der Zee. van Eden. Hottnann. Verhoef. S n ip pe. 1995. infect. Inmun.. 63, 961 
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SSTlSr-?! T re °" miX,Ure W3S apP ' ied ,0 Se P ha ^x® G-200 (1.5 x 45 cm) equilibrated wim 
protein as la real^Z™* T^' ^ M °' "» fraCtions wer ° "™ itored »* ■ 



Procedural Notes 



2.2 Example Protocol 4 

[0292] Conjugation of ThioEPO to Ma!eimido-HES12KD B. 

Materials 

[0293] 

A. Maleimido-HES 12KD B: 10 mg/mL in 0.1 M sodium acetate buffer pH 5 5 

B. ThioEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCI-buffer ' 

C. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI. pH 7.0 

D. Gel filtration column: for example, Sephadex® G-200 (1 5 x 45 cm) 

fSS'^Si^ Assay Reagent (Perbio Science Deutschland GmbH, Bonn, Germany) 
PBS ' P nos P h ^ buffered saline: 10 mM sodium phosphate, 150 mM NaCI. pH 7.4. 

Method 

If SES? ( » ° m) equil,bra,ed wilh PBS ^ffer and 1 mL fractions were collected The protein content 
were pooled and the the conjugate was obtained by lyophylisation after dialysis against water over night. 
2.3 Example Protocol 12 

STaLKut:. g ° f Sec 0 ,0 ami " 0HES12KD < E ' «■ '> "» a Cross-,inKer containing a NHS-active-ester and 

Materials 

[0296] 

A: Microconcentrator: Microcon YM-10 (amicon, Milipore GmbH. Eschbom. Germany) 

B. PBS, phosphate buffered saline: 10 mM sodium phosphate. 150 mM NaCI oH 7 4 

C. AminoHES12KD E, H or I. Prepared at 10 mg/mL in PBS buffer. ' 

D. SMCC solution: 1 mg SMCC were dissolved in 50 uL DMSO 

many) a,, ~ * * 5 b6d V °' Ume (Perbi0 Science D *"tsch.and GmbH. Bonn. Ger- 

fl ThtSf P ,T' m ASS3y Rea9ent (Perbi ° Science De ^<=h'and GmbH. Bonn. Germany) 
G. ThioEPO 1 solution: 5 mg/mL of ThioEPO 1 in PBS buffer. 
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Method 



Eh ,I° 5 ! f ?k MCC ; S .°' Ut r 400 ML ° f me ami "«>HES12KD E so.ution was added and the reaction mixture was 
allowed to react with ag.tat.on for 80 min at room temperature and for 10 min at 46'C The excess ZssmLr 21 

ssas^jsiKK ss r rau9h a — - -00° i . ~rrm: 



Alternatives: 



Science Deulschland GmbH, Bonn, Germany, are found in table 2 marked wim an -E^ Thtp L 1 S 1 . 
Example 4 

Conjugation reactions with oxidized EPO 
1. Oxidation of Glyco-EPO 

1.1 Oxidation of Glyco-EPO with sodium meta-periodate: Example Protocol 5 

Materials 

[0299] 

A. Glyco-EPO solution: 10 mg/mL of Glyco-EPO in acetate buffer 

f^ZZt^Tfl S °^"r 10 mM ° f 100 mM SOdium periodate in ace,ata "uffer, prepared fresh Keep 
mM respeSr C ° nCen ' rati0n ° f ^ P " M * h "» ° Xidati °" mixture is 1 ^ ^ 

C. acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

D. Glycerol 

E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschbom, Germany) 
Method 

[0300] All steps were performed in the dark 

residues, then the oxidation conditions were 1 mM sodium periodate. 0°C. Otherwise To Zl so Sm De S»»! S 
1.2 Enzymatic oxidation of Glyco-EPO: Example Protocol 6 

^iStT^ ° Xjdatl0n ° f EP ° ^ d6SCrlbed e,S6Where (Cham0W et 1992 ' Biol- Chem., 267, 
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2. Conjugation with Hydrazine/Hydrazide-Derivatives 
2.1 Example Protocol 7 



[0303] Conjugation of oxidised Glyco-EPO to Thio-HES12KD M, O or Q with a Cross-linker containing a hydrazide 
and a maleim.de funct,onal group, e.g.M 2 C 2 H (Perbio Science. Deutschland GmbH, Bonn, Germany). 

Materials 



[0304] 



A. M 2 C 2 H stock: 10 mg/mL M 2 C 2 H in DMSO, prepared fresh 

B. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

C. Thio-HES12KD M, O or Q: 10 mg/mL in phosphate/NaCI buffer 

D. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

E. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCI, pH 7.0 

F. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn, Germany) 

G. Gel filtration column: for example, Sephadex® G-200 (1 .5 x 45 cm) 

H. Coomassie® Protein Assay Reagent (Perbio Science Deutschiand GmbH, Bonn, Germany) 

I. PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI, pH 7.4 



Method 



[0305] M 2 C 2 H stock solution was added to 1 mL of oxidized Glyco-EPO to a final concentration of 1 mM and was 
allowed to react wrth agitation for 2 hours at room temperature. The excess crosslinker was removed by centrifuging 
the sample at 14000 x g for 60 minutes using a microconcentrator. After centrifuging the sample was brought up to its 
or,g,nal volume in phosphate/NaCI buffer and this process was repeated two more times. To the M 2 C 2 H-modified 
Glyco-EPO 1 mL of Thio-HES12KD M, O or Q solution was added and the reaction mixture was incubated for 1 6 hours 
at room temperature^Reactivity of the excess maleimides was quenched at the end of the incubation period by the 
addition of cysteine. The reaction mixture was applied to Sephadex® G-200 (1 .5 x 45 cm) equilibrated with PBS and 
1 mL fractions were collected. The protein content of the fractions were monitored with a Coomassie protein assay 
reagent all fractions containing the protein conjugate were pooled and the conjugate was obtained by Jyophylisation 
after dialysis against water over night. yupnyu^uun 

Procedural Notes 

[0306] The hydrazone adduct is slightly less stable at extremes of pH. For applications that may involve treatment 
at low pH, we reduced the hydrazone by treatment with 30 mM sodium cyanoborohydride in PBS buffer to a hydrazine 
For most applications, this extra step was unnecessary. 

2.2 Example Protocol 8 

[0307] Direct conjugation of oxidised Glyco-EPO to Hydrazido-HES 12KD L or J. 

Materials 

[0308] 

A. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

B. Hydrazido-HES 12KD L or J: 10 mg/mL in acetate buffer 

C. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

D. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm) 

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH, Bonn. Germany) 

F. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCI, pH 7.4 

Method 

[0309] 1 mL of Hydrazido-HES12KD L or J solution and 1 mL of oxidized Glyco-EPO solution were combined and 
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Oie reactor, mature was allowed to react with agitation for 16 hours a. room temperature. The reaction mixture was 

weTe Sd ^r T T ' C °° maSSie Pf0tein 3SSay rea9em ' a " fraC,ions «"«■**■» *• ■»»• «5S 
k WaS ° btained bV lyoph ^ ,ion after dial vsis against water over night. The resuM 

Th eS mTr,sr\ TT? ureiThe ^ 

SEE S^SKT"* of HES - Fi9ure 2 demonstrates that HES is to a 

Procedural Notes 

[0310J The hydrazone adduct is slightly less stable at extremes of pH. For applications that may involve treatment 

FoSst ao e o.;2r d E 'TT bV treatment 30 mM S ° dium ^obolydride in PBS ZerZ^Ze. 
For most applications, this extra step was unnecessary. 

3. Conjugation with Hydroxylamine-Derivatives 8 

3.1 Example Protocol 9 

[0311] Conjugation of oxidized Glyco-EPO to Hydroxylamino-HES12KD K 

Materials 

[0312] 

A. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/mL of Glyco-EPO in acetate buffer 

B. Hydroxylamino-HES12KD K: 10 mg/mL in acetate buffer 

C. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 

D. Gel filtration column: for example, Sephadex® G-200 (1.5 x 45 cm) 

E. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH. Bonn. Germany) 

F. PBS, phosphate buffered saline: 10 mM sodium phosphate, 150 mM NaCI. pH 7.4 

Method 

[0313] 1 mL of Hydroxylamino-HES12KD K solution and 1 mL of oxidized Glyco-EPO solution were combined and 

HZ o^Z7« 7 f Wi,h 3 C °° maSSie Pr ° ,ein aSSay rea9enl ' a " fractio " s «***• the protein conTugate 

were pooled and the conjugate was obtained by lyophylisation after dialysis against water over night The result ofthe 
conjugation ,s shown in Figure 1 . The observed molecular shift in lane 2 demonstrates that the con ^ugafcn wa Z 

Example 5 

C haracterisation of galactose oxidase treated EPO N-glycans 

E? , h ReC ° m , binan, E /° or P artial| y desialylated EPO forms (generated by limited mild acid hydroysis) were incu- 
of the protein with polypeptide N-glycanase. 

[0315] Liberated N-linked oligosaccharides (monitored by SDS-PAGE detection of the de-N-glycosylated polvoeo- 

ten^TiCJ 1 HPAE H C t AD mapping as described ( Grabenhorel * al - 1999 ' •** « i. «SS5?K. 

EPolt^li! 3 f 6r r ! m ° Val ° f Sia " C addS - Qua "< ita «°" <>' oxidised galactose residues in individual 
T^Sr^^ *** « ° bSerVed m HPAEC - PAD a " d WaS - — >V MALDI/ 

8 Rose, 1994, Am. Cham. Soc, 116.30 
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Example 6 

Characterisation of HAS modified EPO 

5„ Se P aration ° f HAS modified EPO forms from nonreacted EPO and HAS-precursor molecules was achieved 
by gel filtral,on using e g. UltrogelAcA 44/54 or similar gel filtration media. Alternatively, nonreacted HAS was removed 
by immuno affinity isolation of EPO on a 4 mL column containing a monoclonal antibody coupled to Affigel (BioRad) 
and subsequent separation of unmodified EPO by gel filtration (e.g. using a matrix enabling the separation of globi^ar 
proteins of a relative molecular mass between 20 kDa and 200 kDa ) 

SSln nffhZtS EF ? S T" 6 ide r ,ified " y SDS - PAGE (^ng 12.5 or 10% acry.amide gels) through 

2 ! Z h h 9 , ? I! We,9W C ° mPared t0 Unm0d,fied EP0 u P° n s,ainin ° ° f 9 els ™* Coomassie Bril.ant 
Blue. The higher molecular weight of HAS modified EPO polypeptides was also identified by Western Blot analysis of 
samples using a polyclonal antibody raised against recombinant human EPO 

[0318] N-g|ycan modification of EPO forms was demonstrated by their successful removal from the EPO protein with 

£ C P fo P IT* E2 ST? ^ k N o -|' yC0SidaSe fr0m Rocne ' Germa "y ^P"^ 2 5 ""its / mg EPO protein at 

37 C for 16 hours), analysis by SDS-PAGE resulted in a typical shift of the EPO protein to a migration position of the 
N-glycosidase treated unmodified EPO of approximately 20 KDa. 

I ? 3 ! 9 i k^c^!; 0 ^ 0 ' *" Sin9,e desia| y ated and 9'acatose oxidase treated EPO O-glycan at Ser 126 was demon- 
strated by SDS-PAGE m,gration of the de-N-glycosy.ated product by detection of its migration position compared I to 

SdTpaGE anaSLTAlT ^ " M " EP ° WaS fraCfonated by RPHPLC ™ a C8 "P hasa ° a '° * 

SDS-PAGE analysis HAS O-glycan modification of EPO was also analysed by p-elimination of the O-glycan and de- 

huma n n £5 de -°- 9,yC ° Sy,ated form of EP0 in Westa ™ "lots using a polyclonal antibody raised against Umbinam 
Example 7 

Quantitation of EPO and modified EPO forms 

^L^S^^^T^ by " V ™ asurements as scribed in Ph.Eur (2000. Erythropoietin* so.utio 
concentrata, 1316 780-785) and compared to the international BRP reference EPO standard. Alternatively. EPO con- 

TTZ V™ , TTJ V 3 RP " HPLC 9SSay USin9 3 K™-™*™ and absorption at 254 nm employing 20. 
40. 80 and 1 20 pg of the BRP standard EPO reference preparation for calibration. 

Example 8 

In-vitro biological actvitv o f HES-modlfied recombinant human EPO: 

S IK^i^" p ° d EP ? ,eS,ed fof aC,iVity USi " 9 the ^hropoietin bioactivity assay as described by 
crystal [Krystal, 1984, Exp. Heamatol., 11, 649-660]. 

SSL^T* T S NMR ' miCe by ,rea,ment With P^nylhydrazine hydrochloride and spleen cells were 

f 1, 1 • , aS deSC " bed [Fibi 6t al > 1991 ' B,00d ' 17 ' 1203 »J- Dilu «°" s of EPO were incubated with 3x10* 
cellsAvell ,n 96-well microtiter p.ates. After 24 hours at 37° C in a humified atmosphere (5% C0 2 ) cells we^e label ed 

The International reference EPO standard (BRP-standard) was used for comparison 

tamuri JTlf^pf 0 ^T^T meaSUred by h V " r0 aSSay usin 9 *• EPO-sensitive cel. line TF-1 (Ki- 
ncubl^'in ,^'1 yS 'r f^f* ExDOnen,ia "y Rowing cells were washed free of growth factors and were 
= 1 7. Se " al d " Ut,0nS ° f thC EP ° f0r further 48 hours - Proliferation of the cells was assessed by 

using the MTT reduction assay as described by Mosmann [Mosman. 1 983, J.lmmunol. Methods. 65. 55-63]. 

Example 9 

In-vlvo activit y determination of EPO and HAS-modified EPO forms: 

EtZL a i« V l V H aC,iV « y deteml, ; nations were P erf °™*° i" normocythemic mice by measuring the increase of reticu- 
locytes after 4 days after animals received the foreseen dose of EPO or modified EPO forms. Assays were performed 

EPo'samni "?* ^ ** WH ° EPO Standa * in ,he Polycythemic mouse ^ay 

f o3 ?« n T 7 e Z ?£ T 1 h0SPhale bUff6red SaMne C ° n,ainin9 1 ma/ml of bovine serum albumin (Sigma). 
(0325J 0.5 ml of the EPO test solution in Dulbecco's buffered saline (corresponding to an EPO protein equivalent of 
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were 
:es was 



a 100, 80, 40 or 20 lU/ml of the BRP standard EPO) were infected subcutaneously per animal. Blood samples 
taken after 4 days after injection and reticulocytes were stained with acridine orange; quantitation of reticulocytes „ „ , 
performed by flow-cytometry by counting a total of 30,000 blood cells within 5 hours after the blood sample was taken 
(see Ph. Eur, 2000. Erythropoietin i solutio concentrata, 1316, pages 780-785) and European Pharmacopoei 
(1 996/2000, attachment 2002). *w>P°e, 



Example 10 



In-vivo half-life Determinations 



[0326] Rabbits were injected intravenously with specified amounts of unmodified or HAS-modified EPO forms Blood 
samples were obtained at specified times, and serum was prepared. Serum erythropoietin levels were determined by 
m vitro bioassay or by an EPO-specific commercial ELISA. 

Example 11 



In vivo pharmakokinetics 

[0327] In mice: Each animal received 300 IU EPO/kg subcutaneously. Seven days after the post-treatment hematocrit 
of each animal was determined. A substantial increase in hematocrit was observed 9in all animals treated with modified 
EPO, an expected result in view o the relatively short half-life of untreated EPO. The mean change in hematocrit of 
the modified EPO-treated group was significantly different from that of the untreated EPO group and that of the control 
group. 

[0328] In rabbits: Rabbits were treated with a single dose of unmodified or HAS-modified EPO corresponding to 200 
or up to 800 ng/kg body weight. After 2, 6, 16, 24 and 48 hours blood samples were analyzed by using a commercial 
EPO-specific ELISA for determination of plasma concentrations. Mean plasma EPO concentrations were determined 
and the average initial half-lives (a-phase) and the terminal half-lives (P-phase) were calculated from the ELISA values 
as described: (Zettlmissl et al., 1989, J. Biol. Chem., 264, 21153-21159). 

Literature: 



[0329] Sytkowski, Lunn, Risinger, and Davis, 1 999, An Erythropoietin Fusion Protein Comprised of Identical Repeat- 
ing Domains Exhibitis Enhanced Biological Properites, J. Biol. Chem., 274, 24773-24778. 

Example 12 



Assessment of the in vitr o biological activity of HES-modified recombinant human IL-2 

[0330] Modified IL2 was recovered by gelfiltration on Ultrogel AcA 54. Aliquots of corresponding fraction were sterile 
filtrated and IL2 b.oactivity was determined by using the IL2 dependent murine CTLL-2 cell line [Giliis, Ferm, On and 
Smith, 1978, J.lmmunol., 120, 2027-2032]. Activity was related to the international reference IL2 standard preparation. 

Table 1 



Linker- 
type 


Functional group 1: Reaction with polypeptide, 
especially EPO 


Functional group 2: Reaction with 
HES 


A 


Hydrazide (aldehyde-reactive) 


Maleimido (SH-reactive 


B 


Hydrazide (aldeyde-reactive) 


Pydridydithio (SH-reactive) 


C 


lodoalkyl (SH-reactive) 


N-succinimide ester (amine-reactive) 


D 


Bromoalkyl (SH-reactive) 


N-succinimide ester (amine-reactive) 


E 


Maleimido (SH-reactive) 


N-succinimide ester (amine-reactive) 


F 


Pydridyldithio (SH-reactive) 


N-succinimide ester (amine-reactive) 


G 


Vinylsulfone (SH-reactive) 


N-succinimide ester (amine-reactive) 
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Claims 



1. A hydroxyalkylstarch (HAS ^erythropoietin (EPO)-conjugate (HAS-EPO), comprising one or more HAS molecules 
wherein each HAS is conjugated to the EPO via 

a) a carbohydrate moiety; or 

b) a thioether. 

2. The HAS-EPO of claim 1 , wherein the EPO has the amino acid sequence of human EPO. 

3. The HAS-EPO of any of claims 1 or 2, wherein the EPO comprises one or more carbohydrate side chains attached 
to the EPO via N- and/ or O-linked glycosylation. 

4. The HAS-EPO of claim 3, wherein the carbohydrate side chains have been attached to the EPO during production 
in mammalian, especially human, insect or yeast cells. 

5. The HAS-EPO of any of claims 1 to 4, wherein HAS is conjugated to the EPO via a linker molecule. 

6. The HAS-EPO of any of claims 3 to 5, wherein HAS is conjugated to the EPO via a carbohydrate moiety which is 
part of the carbohydrate side chains and which is preferably oxidized. 

7. The HAS-EPO of claim 6, wherein HAS is conjugated to a galactose or sialic acid residue of the carbohydrate side 
chains. 

8. The HAS-EPO of any of claims 1 to 7, wherein the S atom in the thioether is derived from a naturally-occurring 
cysteine or from an added cysteine. 

9. The HAS-EPO of claim 8, wherein the EPO has the amino acid sequence of human EPO and the naturally occurrinq 
cysteines are cysteine 29 and/ or 33. 

10. The HAS-EPO of claim 9, wherein HAS is conjugated to cysteine 29 and cysteine 33 is replaced by another amino 
acid. 

11. The HAS-EPO of claim 9, wherein HAS is conjugated to cysteine 33 and cysteine 29 is replaced by another amino 
acid. 

12. The HAS-EPO of any of claims 8 to 11, wherein the added cysteine has been added by replacing a naturally 
occuring amino acid by a cysteine. 

13. The HAS-EPO of claim 12, wherein the EPO is human EPO and the replaced amino acid residue is serine 126. 

14. The HAS-EPO of any of claims 1 to 1 3. comprising 1-12, preferably 1-6 or 1-3. most preferred 1-4 HAS molecules 
per EPO molecule. 

15. The HAS-EPO of any of claims 1 to 1 4, where in the HAS is selected from the group consisting of hydroxyethylstarch 
hydroxypropylstarch and hydroxybutylstarch. 

16. The HAS-EPO of claim 15, wherein the HAS is hydroxyethylstarch (HES). 

17. The HAS-EPO of claim 16, wherein the HES has a molecular weight of 1 to 300 kDa, preferably 5 to 100 kDa. 

18. The HAS-EPO of any of claims 16 or 17. wherein the HES exhibits a molar degree of substitution of 0.1 to 0.8 and 
a ratio between C 2 :C 6 -substitution in the range of 2-20. with respect to the hydroxyethylgroups. 

19. A method forthe production of a hydroxyalkylstarch (HAS)-erythropoietin (EPO)-conjugate (HAS-EPO) comprisinq 
the steps of: 

a) providing EPO being capable of reacting with modified HAS, 
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b) providing modified HAS being capable of reacting with the EPO of step a) and 

c) reacting the EPO of step a) with the HAS of step b). whereby an HAS-EPO is produced comprising one or 
more HAS molecules, wherein each HAS is conjugated to the EPO via 

i) a carbohydrate moiety; or 

ii) a thioether. 

20. The method of claim 19, wherein the EPO has the amino acid sequence of human EPO. 

21. The method of any of claims 19 or 20, wherein the EPO is recombinantly produced. 

22 ' ° f m V 0f ^ aimS 1 9 10 21 ' Wher ™ the EP ° C ° mpriseS 0ne or more <**°hydrate side chains attached 

to the EPO via N- and/ or O-linked glycosylation. 

23. The method of claim 22, wherein the carbohydrate side chains have been attached to the EPO during production 
in mammalian, especially human, insect or yeast cells. 

24 ' S?r<S^ 

25 ' l^^ulZl™ 2 f ' Wh6 ? in S,8P a) EP ° iS m0dified by oxidizin 9 at least ° ne carbohydrate moiety. 
aSSH flhe So™" Saccharide unit - more P^ferabry galactose, of .he one or more carbohydrate side 

26 ' ITZTT 1 C ' aim , 25 ; K herei " termina ' saccharide un « is ° xi °*ed after partial or complete (enzymatic and/ 
or chemical) removal of the terminal sialic acid. 

27 ' Itertoom. ° f C ' aimS 25 ° f 26> Wh6rein $,eP C> ,he m ° dified HAS iS con ' u 9 a4ed to oxidized terminal sac- 

28. The method of any of claims 19 to 27. wherein the EPO comprises at least one free SH-group. 

29. The method of claim 28. wherein the free SH-group is part of a naturally-occurring cysteine or of an added cysteine. 

3 \X™e°^ 

31 ' ^SerSJeT" CyS,6ine 33 " reP ' aCed ^ an0th6r amin ° ^ S,6P C) ,he m0dified HAS 

32 ' l^^S^teSSii^S^ cysteine 29 is replaced by another amino acid and in step c) ,he modified HAS 

M ' a^n7aXT c ;^ 

34. The method of claim 33. wherein the EPO is human EPO and the replaced amino acid residue is serine 126. 

35. The method of any of claims 33 or 34. wherein in step c) the modified HAS is conjugated to the added cysteine. 

36. The method of any of claims 19 to 35. wherein the HAS is modified such that it comprises a free hydrazide hy- 
droxylase thiol or semicarbazide function if the HAS is conjugated to the oxidized carbohydrate moieties or a 
free male.mide. disulfide or halogen acetamide function if the HAS is to be conjugated to the SH-group. 

% PeTweighl 0 H a o * C ' aimS " ^ ^ Wherei " ^ C) " 3 reaC,i ° n m6diUm com P risina a » least 1 ° 

38. The method of any of claims 19 to 37, wherein the HAS is conjugated to the EPO via a linker molecule. 
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39. The method of any of claims 19 to 38, wherein the HAS is, hydroxyethytstarch, hydroxypropylstarch or hydroxy- 
butylstarch, preferably hydroxyethylstarch (HES). 

40. The method of claim 39, wherein the HES has the properties as defined in any of claims 17 or 18. 

41. A HAS-EPO, obtainable by the method of any of claims 19 to 40. 

42. T7ie HAS-EPO of claim 41 , having the features as defined in any of claims 1 to 18. 

43. A HAS-EPO according to any of claims 1 to 18, 41 or 42 for use in a method for treatment of the human or animal 
body. 

44. A pharmaceutical composition comprising the HAS-EPO according to any of claims 1 to 18, 41 or 42. 

45. The pharmaceutical composition of claim 44, further comprising at least one pharmaceutical^ acceptable carrier. 

46. Use of a HAS-EPO according to any of claims 1 to 1 8, 41 or 42 for the preparation of a medicament for the treatment 
of anemic disorders or hematopoietic dysfunction disorders. 

47. A hydroxyalkylstarch (HAS)-polypeptide-conjugate (HAS-polypeptide), comprising one or more HAS molecules, 
wherein each HAS is conjugated to the polypeptide via 

c) a carbohydrate moiety; or 

d) a thioether. 

48. The HAS-polypeptide of claim 47, wherein the polypeptide is of human origin. 

49. The HAS-polypeptide of any of claims 47 or 48, wherein the polypeptide is selected from the group comprising 
erythropoietin, interleukins, especially interieukin-2, IFN-ft, IFN-alpha, CSF, interleukin 6 and therapeutic antibod- 
ies. 

50. The HAS-polypeptide of any of claims 47 to 49, wherein the polypeptide comprises one or more carbohydrate side 
chains attached to the polypeptide via N- and/ or O-linked glycosylation. 

51. The HAS-polypeptide of claim 50, wherein the carbohydrate side chains have been attached to the polypeptide 
during production in mammalian, especially human, insect or yeast cells. 

52. The HAS-polypeptide of any of claims 47 to 51, wherein the HAS is conjugated to the polypeptide via a linker 
molecule. 

53. The HAS-polypeptide of any of claims 49 to 52, wherein the HAS is conjugated to the polypeptide via a carbohydrate 
moiety which is part of the carbohydrate side chains and which is preferably oxidized. 

54. The HAS-polypeptide of claim 53, wherein the HAS is conjugated to a galactose residue of the carbohydrate side 
chains. 

55. The HAS-polypeptide of any of claims 47 to 54, wherein the S atom in the thioether is derived from a naturally- 
occurring cysteine or from an added cysteine. 

56. The HAS-polypeptide of claim 55. wherein the added cysteine has been added by replacing a naturally occuring 
amino acid by a cysteine. 

57. The HAS-polypeptide of any of claims 47 to 56, comprising 1-12, preferably 1-6 or 1-3, most preferred 1-4 HAS 
molecules per polypeptide molecule. 

58. The HAS-polxpeptide of any of claims 47 to 57, wherein the HAS is selected from the group consisting of hydrox- 
yethylstarch, hydroxypropylstarch and hydroxybutylstarch. 
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59. The HAS-polypeptide of claim 58, wherein the HAS is hydroxyethylstarch (HES). 

60. The HAS-polypeptide of claim 59, wherein the HES has a molecular weight of 1 to 300 kDa, preferably 5 to 100 kDa. 

61. The HAS-polypeptide of any of claims 59 or 60, wherein the HES exhibits a molar degree of substitution of 0 1 to 
0.8 and a ratio between C 2 :C 6 -substitution in the range of 2-20. with respect to the hydroxyethytgroups. 

62. A method for the production of a hydroxyalkylstarch (HAS)-polypeptide-conjugate (HAS-polypeptide), comprising 
the steps of: 

d) providing a polypeptide being capable of reacting with modified HAS, 

e) providing modified HAS being capable of reacting with the polypeptide of step a) and 

0 reacting the polypeptide of step a) with the HAS of step b), whereby HAS-polypeptide is produced comprising 
one or more HAS molecules, wherein each HAS is conjugated to the polypeptide via 

i) a carbohydrate moiety; or 

ii) a thioether. 

63. The method of claim 62, wherein the polypeptide is of human origin. 

64. The method of any of claims 62 or 63, wherein the polypeptide is selected from the group comprising erythropoietin 
interieukms, especially interleukin-2, IFN-f$, IFN-alpha, CSF, interleukin 6 and therapeutic antibodies 

65. The method of any of claims 62 to 64, wherein the polypeptide is recombinantly produced. 

66. The method of any of claims 62 to 65, wherein the polypeptide comprises one or more carbohydrate side chains 
attached to the polypeptide via N-and/ or CMinked glycosylation. 

67. The method of claim 66, wherein the carbohydrate side chains have been attached to the polypeptide during 
production in mammalian, especially human, insect or yeast cells. 

68. The method of any of claims 66 or 67, wherein the HAS is conjugated to the polypeptide via a carbohydrate moiety 
which is part of the carbohydrate side chains. 

69. The method of claim 68, wherein in step a) the polypeptide is modified by oxidizing at least one carbohydrate 
moiety, preferably at least one terminal saccharide unit, more preferably galactose, of the one or more carbohydrate 
side chains of the polypeptide. 

70. The method of claim 69, wherein the terminal saccharide unit is oxidized after partial or complete (enzymatic and/ 
or chemical) removal of the terminal sialic acid. 

71 . The method of claims 69 or 70, wherein in step c) the modified HAS is conjugated to the oxidized terminal sac- 
charide unit. 

72. The method of any of claims 62 to 71 , wherein the polypeptide comprises at least one free SH-group. 

73. The method of claim 72. wherein the free SH-group is part of a naturally-occurring cysteine or of an added cysteine. 

74. The method of any of claims 62 to 73, wherein the added cysteine has been added by replacing a naturally occurinq 
amino acid by a cysteine. 

75. The method of any of claims 73 or 74. wherein in step c) the modified HAS is conjugated to the added cysteine. 

76. The method of any of claims 62 to 75. wherein the HAS is modified such that it comprises a free hydrazide hy- 
droxylamme, thiol or semicarbazide function if the HAS is conjugated to the oxidized carbohydrate moieties 'or a 
free maleimide. disulfide or halogen acetamide function if the HAS is to be conjugated to the SH-group. 

77. The method of any of claims 62 to 76. wherein step c) is performed in a reaction medium comprising at least 10 
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% per weight H 2 0. 

78. The method of any of claims 62 to 78, wherein the HAS is conjugated to the polypeptide via a linker molecule. 

79. The method of any of claims 62 to 78, wherein the HAS is hydroxyethylstarch. hydroxypropylstarch or hydroxybu- 
tylstarch, preferably hydroxy ethylstarch (HES). y 

80. The method of claim 79, wherein the HAS has the properties as defined in any of claims 60 or 61 . 

81 . A HAS-polypeptide, obtainable by the method of any of claims 62 to 80. 

82. The HAS-polypeptide of claim 4 1 , having the features as defined in any of claims 47 to 61 . 

83. A HAS-polypeptide according to any of claims 47 to 61 . 81 or 82 for use in a method for treatment of the human 
or animal body. 

84. A pharmaceutical composition comprising the HAS-polypeptide according to any of claims 47 to 61. 81 or 82. 

85. The pharmaceutical composition of claim 84, further comprising at least one pharmaceutical^ acceptable carrier. 
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Figure 1 
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Figure 2 
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